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PREFACE. 



EVER since Electricity was first pressed into the service of 
man, and its wonderful powers and docility as an agent for 
I effecting a wide variety of purposes were clearly demonstrated, it 

seems to have possessed an attraction for amateurs unequalled by 
any influence that leads the unskilled to try their hand at making 
and contriving, except that of the very general desire to handle the 
workman's tools and set about wood-working, or the wish that is 
evinced by so many to make any kind of instrument, from a whistle 
to an organ, from which sound can be elicited- The mania or 
j "fever," as it is sometimes called, that urges men to devote the 

whole of their spare time to the prosecution of any hobby, and 
which is usually found to abate after a time, still continues un- 
abated in the case of amateurs who would become electricians, 
and hence the inclusion of the present volume in the AMATEURS' 

Popular Aid Series, as a companion to that on the construc- 
tion of " Electric Bells" and " E4ectro- Plating at Home," which 

j formed the preceding volume of the series. 

In this volume, under the general title of * £ Electrical Ap- 

j PA rat us FOR Amateurs," five descriptive tractates on the con- 

struction of as many electrical appliances for home use have been 
gathered and grouped together, and it will be found that these 
embrace instruction on transmission of sound by electric means, 
lighting, the production of curative influences by magneto elec- 
tricity, the production of the electric fluid* and the mode of building 

j a small induction coil In no case, it is true, is much advance 

made beyond the threshold, or first stepping stones of and to the 
science ; but the instructions are in every case such as will suf- 
ficiently whet the appetite of the neophyte to induce him to pene- 
trate further into the mysteries of the subtle science in which he 
desires to become a master. 

In the first of these Mr, G* A, Sayer deals with transmission of 

| vocal sounds from one part of the house to another by means of a 
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simple telephone of his own contrivance. The appliances required 
in the construction of the machine are either easily obtained or 
easy to make ; and if the instructions given are carefully noted and 
implicitly followed, the home electrican will have no difficulty in 
saying and showing to any friend, as Mr. Sayer has said and 

shown to us, this is "How I made my Telephones and got 
them to Work: in mv House/' And more than this, he may 
be equally successful in lighting up any part G f his house or 
workshop with the electric light if he will follow as carefully and 
implicitly the instructions given by Mr, GEORGE Edwinson in the 
second part, on the steps that must be taken, first to make and 
then to set in action "The Domestic Electric Light/ 1 

Third in point of order comes short and simple teaching on the 
mode and method to be followed in making a small Magneto- 
Electric Machine for Medical Purposes of sufficient power 

to relieve pain in many a painful disorder to which flesh is heir, 
also from the pen of Mr. George Edwinson. Next comes an 
equally interesting account by Mr. C. J. Clark of the successive 
steps that he adopted in order to put himself in possession of 
a machine that many who have no thought of becoming adepts in 
electric science would like to have, if only for experimental pur- 
poses at social evening gatherings, and whose construction he 
exhibits in detail under the title, " How to make a Cylindrical 
Electrical Machine." * Lastly, though many will by no means 
consider it least in importance, comes Mr. R, Wjlltams' interest- 
ing account of his first experiences in making induction coils, 
under the assuring heading, w How I Built my First Coil.* 
We are told that what man has done man can do, and it is 
improbable that any will fail to do what Mn Williams has done 
if they follow his instructions with the care and precision that the 
subject demands. 

Just a word as to prices named herein. With regard to those 
that prevailed when the papers given were first written and the 
essayists made their first attempts at construction and manufacture, 
they are retained that readers may learn the difference in them 
when the demand was small, and the present time when the de- 
mand is large and supply has increased in a corresponding ratio. 
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HOW I MADE MY TELEPHONES, 

AND GOT THEM TO WORK IN MY HOUSE. 

— — — 



CHAPTER I. 

MAKING THE PARTS OF THE TELEPHONE, AND PUTTING 

THEM TOGETHER. 

Introduction— Professor Bell's telephone— Close relation of magnetism and 
electricity— Influence of magnets on surrounding atmosphere— Action of 
voice on disc of telephone— Action of magnet on disc— Principal parts of 
telephone— Course of procedure indicated— The magnet and its cost— Case 
or holder— How to make the case— Fitting in the magnet— The box— Suit- 
able boK for purpose in view— Holes in top and bottom— Completion of case 
—Attachment of case and box— Reel or bobbin— Fitting magnet to reel — 
The wire— Quantity required— Its cost and gauge— Attachment of wire tc 
reel— Regularity of layers desirable — Finishing winding of wire— How to 
make the disc— Size and cost of plate— How disc may be best cut out— 
Mouth-piece or speaking trumpet— Cover of box in original state not suitable 
— Adverse action of cover of box on disc — How to treat cover— Elastic band 
round ledge— I low to dispose of ends of wire— Must be passed through case 
—Difficulty in boring holes for wires — How overcome— Putting parts of 
telephone together — Screws for ends of wire— Testing the work — Necessary 
space between top of box and magnet — Two instruments necessary — Con- 
nection of pair of telephones — Treatment of insulating coverings — When 
battery is necessary— Signal bell. 

Y the above title my readers will understand that it is 
not my intention to enter into any deep Introdllction# 
scientific description of the telephone, as 
that would be out of place in a work of this 
character ; but, at the same time, feeling sure that 
no real amateur would wish to make anything without under* 
standing a little of the principle and theory of the work he has in 
hand, I will in a few words endeavour to explain the action of the 
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telephone so far as I can, without using technical or obtuse terms, 
referring those who wish to have a complete theoretical descrip- 
tion to any of the numerous text-books upon magnetism and 
electricity. 

The articulating telephone was brought to its present state 01 
perfection in 1876, by Professor Graham Bell, of Boston ; and 
Professor 2 S ives a correct view of his telephone, both as 

telephone. re S ards size and sh ape, the magnet alone excepted, 

which, instead of being a plain round bar of mag- 
netised steel, as I have siiown, is, in the Bell Telephone, a sort of 
compound one. 

Thanks chiefly to the immortal Faraday, we now know that 
magnetism and electricity, if not exactly one and the same 
close reia- thing, are very closely related to each other * for bv 

tiem of mag- 1 4 * ■ , ' J 

netism and electricity we can produce magnetism, and by ma" - 
electricity. net j sm we can obtain electricity, the telephone coming 

under this latter head. 

All magnets affect the atmosphere around them, creating a 

kind of magnetic influence or power, which is easily seen by their 

Influence of effect on needles or small bits of iron nlaced near 
magnets on « . " 

surrounding tnem, « not being at all necessary for the magnet to 
atmosphere. iouch t ] ie needle to exhibit this force ; and, inversely, a 
piece of iron brought near a magnet will affect it, or alter its mag- 
netic power. Now the voice, thrown on to the small iron disc, 
Action of caus es, by the waves of sound, this disc to vibrate ; 

« l S5k£S and aS h vibratcs > jt S° es nea,er and farther from the 

end of the magnet, thereby altering the magnetic 
power or atmosphere surrounding it. This alteration of power 
causes minute currents of electricity to flow through the coil of fine 
wire around the magnet, the currents varying in exact proportion 
to the vibrations of the disc ; and as they flow along the wire to 
the telephone at the other end, they in the same manner alter the 
power of the magnet there. This magnet, becoming thus made 
Action of longer or weaker, attracts and repels the iron disc 
magnet near it, or, in other words, sets it vibrating; and 

these vibrations create small waves of sound, which 
strike on the ear of the person listening, giving a complete and 
perfect phonetic copy of the person's voice at the first telephone, 
l'rom the above description it will be seen that the telephone 
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consists of six principal parts i. The Magnet ; 2. The Case, or 

Principal Holder > 3- The Box ; 4. The Reel of Silk-covered 

te?e?hon f e . Wire ; * The Disc « 6 - The Mouthpiece, or Cover of 

Box. I will now take each in its order, and describe 
how I obtained or made them j and in doing so, I wish it to be 

Course of 

understood that I endeavoured to do it all as simply 

to&ttS and Cheaply as P° ssible > consistent with the actual 

working of the instrument, leaving it to my readers 
to make any improvements they may like ; and those who have 
lathes will soon find ample scope for their ingenuity when 
once they have mastered the principle of this most wonderful 
invention. 

First and foremost comes the magnet. This I purchased at 
an optician's for 9 d., and it consisted of a round bar of well mag- 

an h di™ a S " CtiSed StCe1 ' 4 hlCheS long > and * inch in diameter. 

Some of my readers may prefer making their own ; 

but as they must purchase the steel, and possess a powerful magnet 
to magnetise it with, I do not advise them to do so, especially as 
they can obtain one ready made for so small a sum. 

The case, or holder, can be made with No. 3 (the box), all in 
one piece ; and those who have a lathe will find it best to do so, 
Oa ae or turning the whole up as shown in Fig. 2. But I made 
older - them separately as follows :— For the case I obtained 
a good piece of hard wood, about 4* inches long, and sufficiently 
now to make thick to plane up to i£ inches square, which I did 

the case. . 1 ■ n-.i , ' » 

taking oft the sharp corners. Right through the centre 
of this, lengthways, I bored with my brace and bit a hole large 
enough for my magnet to fit into. As it is better to have the 
Fitting m magnet fit tightly into the hole, should you not have 

the magnet. n 1 »i . , J 

a bit the exact size, use one the next size smaller, 
and then enlarge the hole with a rat-tail file. Care should be 
taken that the hole is right through the centre of the wood ; 
and should your bit be rather short, bore from each end half- 
way, and then clean out the hole with the round file, or a small 
gouge. 

Now put your case on one side for a short time, and proceed 

The box. t0 make the box - This I obtained from a chemist's, 

and was one that had had tooth-powder in it. It 
was made of turned wood, and measured 3 inches in diameter,' and 
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I ^ inches deep, cover and all, and, being thick and strong, proved 

(Suitable box J ust ^ e ver ^ art ^ c ^ e - ^ n ^ e bottom of the box I cut 
for purpose a hole, I inch square, and in the cover I cut a large 

in view, , . 

circular hole, leaving only a ledge all round, about 
|- inch wide. I will afterwards show how 1 made this cover into 
Holes in top the mouthpiece ; but before doing so, let us finish the 
and bottom. casej w hi c h I will now return to. When laid aside, 

it was a piece of wood, 4^ inches long and i£ inches square, in 
Completion section, with a f-inch hole right through its centre 
of case, from end to end. Measure the thickness of wood in 
the bottom of the box, where you made the I -inch square hole, and 
mark it off from one end of the case by a pencil line on each of 

Attachment of the four sides but allowing about -fr inch over. Then 
case and box. Qn the S q uare enc j 0 f ^ case mar j c ar0U11( J t he hole 

a square of i inch. Now with your tenon saw cut through your 
marks, till those on the end meet those on the sides ; or in other 
words, reduce the end of the case to i inch square for a distance 
of A inch more than the thickness of wood in the bottom of the 
box. It will now fit into the bottom of the box, and project inside 

inch, and the two together will appear as in Fig. I. 

The next thing is the reel, or bobbin , with its coil of fine silk- 
covered wire, I found in my wife's work-box a small reel, which 

Bee!, or was the very thing I wanted. It had had red cotton 

bobbin. or siJk Qn ^ an( j was about ha j f the length Q r the 

ordinary thread-reels, being % inch long over all, and the flanges 
Fitting mag- were f inch in diameter. The hole through it I en- 
net to reel, j ar g e d to exactly the same size as the one through 
the case, so that the magnet fitted tightly into it. Around this reel 
must now be wound the wire, or coil, as it is called. This wire 
^ _^ must be purchased, as few. if any, amateurs could 

xsxb wir©. ~* 

make it, and even if they could it would not be worth 
their while, as it would cost them more than the ready made 
Quantity article. I obtained some at the same shop where 
required, j bought the magnet. About forty or fifty yards is 
amply sufficient for one telephone, and this costs about 5d. or 6d 
its cost and It is so exceedingly light that they sell it by weight, 
gauge. at about i s, per ounce, and I found that one ounce 
contained about ninety yards. The copper wire is No. 36, Bir- 
mingham Wire Gauge. To wind it around the reel, first of all 
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bore a small hole with a bradawl through one flange of the reel, as 
close to the body as you can, and pass the end of the Attachment of 
wire through it from the inside. Leave about six wxre to reel * 
or seven inches through, and then wind the rest around as neatly 

as you can, * i 

So long as you wind in one direction only, it does not matter 
about the layers not being quite even, but it looks Beg1Jllarlty 
better to keep them straight, and you will be able to of layers 
wind more around than if you place them anyhow. Be 
careful not to handle the wire roughly, nor to fray the silk, as it 
would prove fatal to success if the wire became exposed in two or 
three places, so as to allow these parts to form contact, or copper 
to touch copper, as then the electric current would take a short 
road through: this contact instead of going round and round the 
reel by the whole coil. When you have wound round joshing 
as much as the reel will take — that is level with its winding 

of wire. 

flanges — finish off at the same end or flange as you 
began, leaving about six or seven inches over, and the coil is com- 
plete. 

The disc is usually made of a peculiar sort of iron called 4< ferro- 
type," plates of which are used in special form of How to make 
photograph known as a ferrotype. It can be pur- thadisc, 
chased at any shop selling photographic chemicals and apparatus, 
generally a druggist's. A plate 4k inches by 3£ inches sizeandcost 
is large enough for your purpose, and costs about 2d. of plate - 
Should, however, any of my readers find a difficulty in obtaining 
this special kind of iron plate, they will find a sheet of thin tin 
answer quite as well . 

Measure the inside diameter of the box, and mark on a piece of 
ordinary writing paper with a pair of compasses a how aiso 

circle about h inch larger. Cut this out neatly with a may be beet 

. & J cut out. 

pair ot scissors and gum it on to the iron or tin plate, 

and then with the same scissors, if they are strong enough, cut the 

plate out round the paper. Some may exclaim, M Why not mark 

out the circle on the plate direct?" To this I answer, that it is 

best to avoid scratching or indenting the disc in any way, especially 

the central part ; and, moreover, the paper keeps the disc clean 

whilst you round off and smooth up the edge with a fine file. 

1 now come to the cover of the box, which forms the " mouth- 
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piece/' or as it is sometimes called, the speaking trumpet" This 

Mouth-piece cover > when placed on the box, should tightly jam the 
or speaking edge of the disc all round : and at the same time the 

trumpets, ; 

inside bottom of the cover should be about g inch 
clear of the centre part of disc to allow the latter to vibrate. A 
glance at the drawing will show what I mean. The cover of my 
Cover of box tooth-powder box, however, bothered me a little, for I 

Btatenot found that the centre of it was thicker than the edge, 

suitable, anc j so t ^ e inside as well as the outside was convex, 
just the opposite to what I required (see Fig. 3). I did not observe 
this at first, and so I thought that all 1 should have to do would be 
to cut a circular hole about f or | inch in diameter in the centre, 

Adverse through which the voice would reach the centre of the 
cover of box ^ sc - When, however, I had got my hole cut, and the 

ondiBc. cover put on over the disc, instead of touching the 
edge of the latter all round, it was pressing on the centre, and the 




FIG, — SECTION OF TOP OF WOODEN BOX, BEFOKE ADAPTATION, 



edge of the disc was left free— the very reverse to that which I 
How to desired. To remedy matters I tried to put a liner 
treat cover, ^gj^e all round the edge, but this kept the cover off 
from the box too much to fasten them together. I then thought it 
best to cut out all the bottom of the cover, leaving only a ledge 
all round about ^ inch, and on to this glue outside a new bottom, 
in which the small hole for speaking through could be cut. I found 
this a complete success, and the cover, when finished, was as 
shown in Fig. i> 

To make sure of the ledge of cover touching well all round the 
ledge of disc, I put between them a small elastic band, to form 
Elastic bana a joint. An ordinary elastic band or ring will do ; 
roumi ledge. an( j jf one cannot be obtained exactly the size, get 

one a little larger in diameter, and cut it round its outside edge 
neatly with a pair of scissors, until it fits into the cover, and lies 
flat without crease or wrinkle. 
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The various parts of the telephone are now nearly complete, 
one thing only remaining to be done before fitting all How to 
together — the two ends of the wire which were left on dispose of 

& ,1* i r ^ ji i ends of wire. 

the reel must be disposed oh One end has to be 
connected to the line leading to the distant telephone, and the 
other end has to go <£ to earth," as the technical expression is; that 
is, must be connected to the nearest gas-pipe, or ? better still, 
water-pipe, through which the electricity speedily finds its way 
into the earth. But the wire around the reel is so fine and delicate, 
that if the ends were led out direct through a hole in the side of 
the box, they would become broken in a very short time, and, 
moreover, would be in the way when handling the telephone. 
They are, therefore, usually led up through the case, Must be 
passing through two small holes bored one on each passed 
side of the large hole in which is the magnet, and then 
fastened to a pair of terminals, by which they can be connected to 
thicker and stronger wires. Should any difficulty Diffieilltyi31 
occur in boring these two small holes lengthways boring holes 

i .i it i j for wires. 

through the case, so as to keep them parallel, and 
not let them run into the magnet-hole on the one side, or out 
through the side of the case on the other — a likely thing to occur if 
your gimlet is not long enough — I would recommend the plan I 
myself adopted, which was, instead of boring the two how 



overcome. 



holes, to make with my tenon saw two fine slits the 
whole length of the case, one on each side, sawing into the wood 
about J inch. Into these slits the wires were laid, and then filled 
in with a little wax. I need scarcely say that boring the holes is 
by far the neater way, and I only mention the slits because it 
shows how even a slight difficulty can be overcome. 

Now let us put all our parts together. First of all take the 
bobbin, with its coil of wire, and push one end of the p uttin gp aTta 
magnet right through until it projects beyond about oneiephoiie 

inch. Then leaving it there, push the other end of ° ge 
the magnet up into the hole in the case until the bobbin touches 
the reduced square end. Now pass your two ends of wire up 
through the small holes — or lay them in your saw slits — leaving 
the ends projecting about one inch, and fasten them screws for 
there by screwing two small brass wood screws into ends of wire, 
the end of the case, close to the holes— around which you twist 
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your ends— first of all laying the copper wires bare by scraping off 
the silk covering with your penknife. Now put the box on to the 
case, over the reduced square end, and if you have made a good fit 

the work * S k etter not t0 £ lue or fix it permanently until you 
e work. have finally teste( j the instrument. You will observe 

that it is requisite to have the outside diameter of bobbin a little 
smaller than the square hole in box, so that the latter can pass over 
it. Now place a straight-edge across the top of box, and see what 
Necessary clearance you have between it and the end of th*> 

Bpace between ,„„ „ , . . , , . , , 

top of box magnet. A little less than A inch is the proper space 

and magnet. and if you find yQU haye mQr ^ yQu mugt ^ ^ J 

the edge of the box, or rub it down on a sheet of glass-paper. Now 
lay the disc on the edge of the box, and over it the india-rubbei 
ring, and then, finally, put on the cover or mouthpiece, and yout 
telephone is complete, and should appear as in Fig. i. 

But for the same reason that it is of no use speaking to a man 
without ears, or listening to a dumb man, so one telephone by itself 

two is of no P rac tical value, and to hold telephonic com- 
^Ssary? mun i cation * is therefore necessary to have two instru- 

ments. You must, therefore, now set to work and 
make a second telephone precisely as I have described the first. 
Assuming this done, and you have your two telephones complete, 
all that is necessary for speaking and hearing through them is to 
Connection connec t them together by wires— one wire leading 

tefefies. fr ° m ° ne terminal on the on e instrument to a terminal 

on the other — and a second wire attached to each of 
the other terminals and leading to respective gas or water pipes. 
The length of the wire between the telephones can be very long, 
but it must be insulated— that is, covered with something, generally 
cotton or gutta-percha— the latter substance being used for out- 
door purposes. This wire can be purchased for about id. per 

Treatment > rard - Be careful, when attaching the ends to your 
O coyerfng? g ^ ele P hones °r water pipes, to. first of all scrape off the 

insulating covering. A few twists around the brass 
screw will suffice, and also around the water or gas pipe ; but 
before doing this to the latter, see that the pipe is clean| and 
not covered with paint or anything liable to stop the electric 
current. 

My readers will perceive that I have made no mention of 
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batteries- My reason for this is that no battery is required for the 
telephone unless the distance is great, the magnet when battery 
itself giving a sufficient current ; but as one must have iB necessar y- 
a bell or some signal to call attention before speaking, then bat- 
teries are used> and one cell is usually attached to the BlgnalbeU 
telephone. How I fixed up my bells and made my 
switches to work them with my telephones — in short* how I put 
up telephonic communication in my house— must be left for another 
chapter, 




APPARATUS OF TRANSMISSION. 



* 



CHAPTER II. 



GETTING INTO WORKING ORDER, 

Signal to call attention^ Why necessary— Electric bells preferable to pneu- 
matic bells — Battery necessary— Leclanch6 battery— Old form of battery — 
" Silvertown Patent LecIancM Battery "—Agglomerate blocks — Sizes of bat- 
teries—Charge for porous pot — Painting brass clamp — Cost of cells complete 
— Improved agglomerate cells— Box for cells — Connection of cells to form 
battery—Keeping batteries in order — Connection of batteries and bells — 
Course of "line " wire— Staples to secure wire — Mode of opening communi- 
cation — Disposition of telephones at close — Switches — How to make them — 
Spring for switch— Fixing the switches — Attachment of spring — Hanging up 
telephone— Fixing "bell and battery 1 ' switch— Arrangements for eyes and 
screws— Channels for wires — Attachment of wires — Filling in channels — Cost 
of wire — Ring for hanging telephone — Switch -board : how to be made— 
Electric bell — Electro-magnet— How to make electro-magnet — Ampere's rule 
for determination of poles of magnet— Completion of magnet— Material for 
board— Iron for armature — Platinum on armature — Wood for armature — 
Attachment of spring to wood — Round-headed screw— Bell : whence obtain- 
able — Terminals— How to ring bell— Influence of electric current — Substi- 
tutes for bell — Difficulty in adjustment of screw — Position of bell — Setting in 
worliing order— Junction of "line" and battery wires— Connection to 
*' earth " — Mode of joining up wires— Communication between stations — 
Summons given — Reply to summons — Change of currents— Reconnection of 
warning bells — Utility of two telephones to each station— Position of listen- 
ing " telephone — Thompson on electricity and magnetism, 

MENTIONED in the preceding chapter that, theo- 
retically, it is unnecessary to have a battery to enable 
one to speak through the telephone; but for reasons 
which I will now explain, I do not think much prac- 
tical use can be made without its aid. For, assum- 
ing that you have successfully made your two telephones, and have 
fixed up one in your workshop or " den/' on the ground floor, and 
the other in a room on the top story of the house, with the wires 
connecting the two to each other, and to f< earth," it is evident 
that before you can speak from your 11 den >J to anyone upstairs 
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THE LECLANCHE BATTERY. 



you must be able to call bis attention, as it would be absurd to 
expect that person to be constantly standing with the si^aMtoean 
telephone at his ear, on the mere chance that you aUen lon - 
might wish to speak to him ; and if you have to give him notice 
beforehand, or send a servant up to him to tell him to my 
go to the telephone, it then becomes a toy of no prac- necessary, 
tical value or use. Means must therefore be employed to call 
attention, the simplest being some sort of bell. If your workshop 
be near the kitchen, then the ordinary house-bell rung, say three 
times, might give you notice, but all ordinary house-bells are only 
intended to ring one way, and so you could not answer nor ring up 

in turn. . 

Pneumatic bells would do, but they involve the trouble and 

expense of fixing a small pipe to run the whole distance between 
them • I should therefore strongly recommend your Eleotrlo 
adopting electric bells, the more so because the same 

able to piieu- 

wire which connects the telephones can he made the ^ *a&tic W^- 
medium of ringing the bells ; and apart from this, which by itself 
is a great advantage, I feel sure that those who have made their 
telephones are desirous of continuing their experiments in elec 
tricity, and of employing the same subtle agent to work them, 

But electric bells require batteries, for although the electric 
current created by the magnets in the telephones is Battery 
strong enough to transmit the minute wave sounds to ne ^sary, 
the sensitive human ear, it has been calculated that it is about a 
thousand million times less than the current used in ordinary tele- 
graphic work, and therefore, I need scarcely add, quite powerless 

to set a bell in motion. 

Of the various kinds of batteries, the one most suitable for our 
purpose is called after its inventor, the Leclanche, two LeclancM 
forms of which are now in use ; the old form in which featter ^ 
a porous pot is employed, and the new and improved form in 
which Mons. Leclanch^ has substituted movable piates for porous 
pots. It will be unnecessary to do more here than give a brief and 
general description of both forms.* 

* For a more minute and detailed description of the Leclanche battery, the 
reader is referred to 1 ' Electro-Plating at Home," by George Edwinson, in the 
sixth volume of this series. 
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In the old form of the Leclanche" battery one element consists 
of a porous pot into which the carbon plate is placed and then 

bluter™ 1 filled ' n aU r ° Und W ' th a mixture of coarsely powdered 
a ery * peroxide of manganese and carbon, the top of the pot 
being sealed over with pitch or wax, excepting only a small hole to 
connect to the atmosphere, and allow the gases to escape. This 
pot with its contents is then placed in a glass or stone jar contain- 
ing a weak solution of sal-ammoniac and water, into which the 

" B ££t wn ° ther dement » cons »sting of a rod of amalgamated 
Leoianch^ zinc » is als <> immersed. In the new and improved 
Battery" f orni) caned) t thinkj the « S ilvertown Patent Le- 
clanche* Battery," instead of having a coaise 
powder of peroxide of manganese and carbon, 
these ingredients are compressed under a pres- 
sure of several tons into solid blocks requiring 
no porous pot to hold them together. 

Two of these agglomerate blocks are fast- 
ened by india-rubber bands, one on each side 
Agglomerate of the carbon plate, and then all 

blocks i 

three are put into the jar contain- 
ing the solution of sal-ammoniac into which is 
also put the zinc rod. 

Both forms are usually classed under three 
sizes : No. j, lar^e ; No. 2, medium ; and No. 3, 
sizes of small, I should advise your adopt- 

batteriea. mg the smaU ^ ^ rf 

which will be ample for each of your two bat- 
teries. If you make them in the old form, your glass or stone jar 
should be about 5 inches deep, and 3 J or 4 inches square or round ; 
the porous pot should be 2 inches in diameter and 5 inches deep, 
and may be purchased for a few pence ; the carbon plate should be 
about 5 inches long, 1 J inches wide, and ± inch thick, and will cost 
about 9d. ; it must be fixed at one end into a clamp or brass 
binding screw, as shown in Fig. 4, which costs about 6d. The 
amalgamated zinc rod should be about 6 inches long and | inch 
diameter, and can be purchased with wire attached, complete 
for 4d. 

Place the carbon plate into the centre of the porous pot, and 
then fill in all around it to about f inch from the top with coarsely 
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FIG. 4. — BRASS 
BINDING SCREW, 

Full size. 



FORMS OF LECLANCHE'S CELLS. 



powdered peroxide of manganese arid carbon well mixed together. 
The carbon plate need not touch the bottom of the charge for 
pot. Now stick into the powder a short piece of glass * orous 
tubing about £ inch diameter inside, and then pour around it and 
the carbon plate some melted pitch or wax; the glass tube is 
generally made funnel-shaped, with the wide mouth placed down- 
wards touching the powder to allow the gases to escape freely* 
The brass clamp on the carbon plate should be also painting 
painted with pitch or shellac varnish, excepting only ^ rassclam P- 
the screw, around which the connecting wire is attached. Now 




4 
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FIG. S*— LECLANCHE CELL, 

Old form, with porous pot. One- 
fourth full size. 



FIG. 6.— LECLANCHE CELL, 

New form, with agglomerate blocks* 
One-fourth full size. 



put the porous pot with its contents complete into the glass or 
stone jar together with the zinc rod, and fill up about seven-eighths 
full with clean water in which has been dissolved sal-ammoniac in 
the proportion of 2 oz, to a pint of water, and your cell is complete, 
as shown in Fig. 5, 

Those who do not care to take the trouble of filling and com- 
pleting the porous cells, can purchase them ready cost of cells 
filled, with carbon, etc, for 2s. 6d, each, small size, complete. 
The usual price for a cell complete and ready for work, with outer 
square glass jar, is 3s. 6d., small size. 

For the improved agglomerate cells, the carbon plate is as 
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above described, with brass binding screw complete, and the two 

blocks must be purchased, as you could not possibly 
ag^omerate make them* They are sold in pairs, and a pair of 

ceUfl * No, 3 size will cost between one and two shillings* 
Wh^n joined to the carbon plate, and placed in the glass jar, the 
whole cell is as shown in Fig, 6. The zinc rod must be kept clear 
of the blocks by india-rubber rings, for should it accidentally touch 
them, it causes what is termed, " local action," which is a tech- 
nical term, meaning that injurious chemical action would continu- 
ally take place, wasting away the zinc the same as if the battery 
Box for were working. To keep the cells together and preserve 

cells. them from breaking, they should be kept in a wooden 
box, which can be easily knocked up by any amateur. For three 
cells of the sizes I have given, the box should be about 12 inches 
lon^, K inches wide, and 8 inches deep, all inside measurements, 
and made of A inch wood. 

The battery is formed by connecting up the cells as follows : 
the carbon of the first cell is left free and the zinc rod 
of ceils to is joined by its wire to the carbon terminal of the 
form battery. secon( j ce j^ t i ie z \ nc 0 f which is in the same way joined 

to the carbon of the third cell, the zinc of which is left free, 

1 will now add a few hints for keeping your batteries in order : 
— 1st Do not put them in a warm place or too near the fire, as 

the water in the outer jars soon evaporates, when more 
^feSesin must be added. 2nd. To prevent the crystals from 

order. rising up over the glass jar, rub the inside of the neck 
with a little tallow* 3rd. Scrape off with a knife the crystals which 
after a time form on the zinc rods, as they stop the effectual work- 
ing. 4th. See that your wires and terminals are kept clean, and 
your conducting wires properly insulated. 5th. Every six months 
or so examine your battery and wash out the cells thoroughly, 
putting in fresh sal-ammoniac, and if requisite new zinc rods. 

So much for batteries, now let us see how to connect them to 
the telephone and bells. 

The first thing to decide upon is where you intend placing your 
two telephonic stations, and then the most direct way 

Connection 1 , , 

of batteries to run the wire between them. I placed mine in the 
ana bells. recess behind the window shutter, there being ample 

space there for the telephone with its switches, bell, and connecting 
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wires ; and by boring with a good-sized gimlet a hole diagonally 
downwards through the lower sill of the window, clear of the sash, 
I led the wire to the outside of the house and straight up to the 
window on the top story. The battery I placed on the top of the 
window framing behind the curtain pole, where it was out of the 
way and yet close at hand. 

It is difficult to give definite directions as to running the wire 
between the two stations — technically termed the " line" wire — but 
always choose the most direct and shortest way pos- Course or 
sible ; and if you should wish it to go from the lower 11 nne " w±re ' 
to the upper part of the house, you will find it best to take it 
straight up outside, in and out of the window-sills. If, however, 
the two rooms are not so situated, then you must lead it along the 
passages and round the walls of the rooms, keeping close to the 
ceiling moulding, and fastening the wire at intervals with small 
holdfasts, or U-shaped pointed wire, commonly used staples to 
for fastening up bell-wire. The wire must be covered ^cure wire, 
with gutta-percha for exposed places, but inside the cotton-covered 
is less conspicuous and neater. 

Now let us see what is to be done, supposing No, I station 
wishes to communicate with No, 2 station, and then we shall be 
able easier to see how to do it. No. i must first of all mm M M 

Mode of 

ring up the bell of No, 2 to call attention, this he does opening oom- 

« » ► r 1*1 i .ii \\ mimic at ion. 

by sending a current from his battery along the ' line" 
wire to No. 2 J s bell. Then he takes off this current, and replacing 
the " line " in connection with his own bell, No, 2 answers in the 
same way. Both then take telephones in hand, at the same time 
connecting them on to the " line " wire in place of the batteries 
and bells. When the convu'sytion has ended they hang up their 
telephones, and replace their batteries and bells in ^ 

r * r Disposition 

connection with the "line" wire so as to be ready ofteiephones 

when either again wishes to call attention by ringing. 

These several changes on the one wire are done by means of 

levers or " switches/' as they are called ; the idea corresponding to 

those used on railways for changing the direction of the rails, 

I will now therefore describe how I made mine, of which there 

must, of course, be a set for each station. I purchased . , . 
J 5 r Switches. 

a few feet of No. io, B. W. G. brass wire, which is 

about \ inch in diameter, and taking' a piece about io inches in 
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length, with my round nose pliers I bent one end into an eye* as 
shown at A, in Fig* 7* Then leav- A 



B 



D 



pTont View. 



®1 




D 



Side View. 



FIG, J— BRASS WTRE FOR LEVER 

or switch. Half full size* 



How to ing a little straight bit 

make them, j bent ; t at r j ght ang l es 

to the eye, into two arms, as shown 
at B and c, I then obtained a piece 
of brass tubing yVi nc h outside dia- 
meter, the bore of which just allows 
the wire to fit into it easily, and 
cutting it to i inch in length, I bent 
around a piece of thin sheet brass, 
£ inch wide and if inch long, as 
shown in Fig, 8, and before solder- 
ing the two firmly together punched 
a hole on each side for wood screws* 
I then pushed the long end of the 
wire cross, Fig. 7, through the tube, 
and making sure that it would slide 
up and down easily, finished it off 
by bending the end into a hook D 

in the same plane as the eye, and so at right angles to the two 
arms* When complete, the 
length over A D is about 4 
inches, and the width over the 
two arms B, C about if inches. 
To the eye A, I fastened a small 
Spring for spiral spring of 
switch, brass wire— a piece 

of clock spring will do, or even 
an india-rubber band, only the 
latter will not of course last long 
—and then the whole forms the 
" telephone n switch. About 6 
inches of the same sized wire, 
bent into the shape shown in 
Fig. 10, will do for the "bell 
and battery n switch. 

To fix them in working order, take a piece of deal wood 8 inches 
long, 6 inches wide, f inch thick, nicely squared and planed up. At 
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Front 



View, 



FIG, 8,— FRASS TUBING AND SHEET 

brass FUR switch. Full size* 



HOW TO FIX SWITCHES. 




Fixing the 
switches. 



distance of 2 inches from the left-hand side, and parallel to it, 

make a 
pencil line 

down the whole length, 
upon which you place 
the u telephone p switch, 
fastening it there by 
two brass wood screws 
through the brass guide* 
Now, under the arm C, 
screw into the wood a 

mushroom-headed No, 5 brass wood screw, about I inch long, 

leaving | inch of the shank out, 



FIG* 9— DIAGRAM SHOWING HOW TO FIX 

switch. Full size. 



Elevation* 
«==5; 



Phn. 
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PIG* IO. — WIRE FOR BELL AND 
BATTERY SWITCH* Half size. 



as shown in Fig, 9 ; and over the 
arm B screw a brass eye, Fig* 1 1, 
allowing about i inch play for the 
switch, tha-t is to say, allowing 
room for Fig* 7 to slide up and 
down about £ of an inch, the 
arms alternately touching the 
screw and eye. 

Then fix the little spiral 
spring to the board by a screw directly above the switch, and at 

a distance suf- Attachment 

cienttokeepthe 
arm B touching the screw 

eye. 

Now take your telephone 
and hang it on to the hook 
jy (Fig. 7), when its weight 
will pull against the spiral 
spring and bring the switch 
down, so that Hanging up 
the arm C rests 
on the screw beneath it. 
You may find the spring too 
strong, or what amounts to 
the same thing, the telephone not heavy enough for this; you 
must then weaken the spring a little by stretching, or else by 
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FIG. II. — BRASS EYE FORMING PART OF 
FITTING FOR SWITCH, Full size* 



HO IV I MADE MY TELEPHONES. 
bringing the screw which fastens it to the board a little nearer the 

HO* 2 STATION. 




NO* I STATION. 

FIG, l6. DIAGRAM SHOWING TELEPHONE STATIONS AND CONNECTING LINES. 



switch, This arrangement can be better seen by referring to Na 
I station, Fig. 16, 

20 



ATTACHMENT OF THE WIRES, 



Now fix the f( hell and battery " switch to the board by a screw 
through its eye, the screw being about i inch from the mxin < iljell 
right edge, and about i£ inches from the bo:tom edge and battery" 
of the board ; and allowing the switch to swing freely, switch. 
At rtn equal distance from the central screw, put tw-o mushroom- 
headed screws, so that the one is above, and the other below the 
straight arm of switch, the upper one keeping it from hanging 
vertical as it would do, if free, owing to the heavier bent end 
About | inch is ample distance between these two screws, which 
are marked c and D in Fig, 16. In a parallel line with the eye 
which you placed on left-hand arm of " telephone JS switch, and at 
a distance of J inch from it screw another eye in, precisely similar, 
so that the two appear as at G and H, Fig. i6. 

The eye G together with the screw under right arm, and the 
th ree screws of "bell and battery " switch should all Arrange- 
be fixed as shown in Figs, o and 1 1 ; the hole being m€nts fo J 

b y 1 & eyes and 

enlarged on the back of board by a rose bit, to allow screws, 
room for twisting the wire around the screw. Now with a narrow 
gouge cut a channel a \ inch deep in the wood at the back of the 
board, between c and right hand screw of brass slide mark E, 
which screw should be shorter than the others, as it must not pro- 
ject in front or it will not fasten the slide securely. 

From the screw F cut a channel vertically upwards to edge of 
wood ; from the centre screw A cut one horizontally channels 
to right hand ' edge, from the screw G cut out one to for wires - 
the left hand edge, and from screw D cut one vertically down to 
the edge. Now take five short pieces of the same insulated wire 
as you use for your " line," and with your knife scrape off \\ inches 
of the cotton or gutta-percha from each end, Lay one Attachment 
in the channel between c and E, and twist the ends of wires, 
around the shanks of the screws two or three times, as shown in 
Fig. 9, A little solder will make the joints more secure. In the 
same way fasten a wire to A, F, D and G, leaving the other ends 
sticking out beyond the edge of wood. Fill in the channels all 
around the w ires with a melted paraffin candle, and Fining in 
then glue a piece of paper over the whole back of the channels, 
wood. To the eyes of G and H must now be fastened the two 
telephone wires, and as these should be long and pliable enough 
to allow the telephone to be freely handled and held to the mouth 
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or ear without breaking the connections, they are generally made 
of a special kind, the two wires being woven together with fine 
silk, although kept insulated from each other. This special wire 
Coat of can be purchased for 2d. a yard, and 1 yard is suf~ 
wir *' ficient for each telephone. At each end separate the 
two wires and fasten them one to each of the telephone terminals 
as I described in the previous chapter, and the other two ends to 
G and h by twisting one around each eye, and fixing them with a 

little solder. (See Fig. 11 ) Hang the telephone on 

King for . * ' f , ^ 

hanging the hook of switch, by a small picture-ring screwed 
Telephone, ^ ^ t ^ telephone, clear of the magnet 

and terminals, and the switch-board is complete. 

You will observe that the whole of Fig. 16 is merely a diagram, 
and not therefore made to any scale. The two stations are made 
switch respectively right and left handed, to show distinctly 
boards: how all the connecting lines, but you will of course make 

both your switch-boards alike as described and shown 
in No. 1 station. The hook of the " telephone" switch is for the 
same reason shown on one side, but it really faces you as in Fig. 7* 
Bells* — Now let us see how to make the belts ; for I presume 
you would like to make them for yourself rather than purchase the 
Eiectrio ready-made article, which would cost, at the very least, 
belL 4s. 6d. or 5s. An electric bell consists of an electro- 
magnet, which, by alternately attracting and releasing a hammer 
causes it to strike against and ring a bell. But some will ask, 
u What is an electro- magnet ?" and as this is one of the most 
important things in the practical application of electricity, I will in 
a few words explain it. If a coil of insulated wire be wound 
Electro- around a piece of soft iron — and by "soft," I mean 
magnet, common iron, which has not been hardened or tem- 
pered in any way — and then an electric current is sent from a 
battery through the wire, the soft iron instantaneously becomes 
converted into a strong magnet, remaining so as long as the electric 
current flows around it ; but the moment the current ceases, then 
the iron as instantaneously loses its magnetism. Thus you see an 
electro-magnet differs from the telephone, for there the permanent 
magnet creates an electric current, and so magnetism produces 
electricity ; here the electric current makes the magnet, and so 
electricity produces magnetism. The first thing, therefore, for the 
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bell is an electro-magnet. To make this, get a piece of round iron 
I inch in diameter and about 5 inches long, and heating it blood- 
red in the fire, bend it round to the shape of a horse- * 

JioW to Til 

shoe, with the ends about I inch apart centre to electro- 
centre, and then let it cool gradually by leaving it in magnet, 
the ashes. Now take two wooden reels or bobbins, each about 
\% inches long— ordinary cotton reels will do — and enlarge the 

holes until they will allow 
the ends of the iron to fit 
tightly into them. At the 
same place from which 
you obtained the fine wire 
for your telephones, pur* 
chase some No* 2 8 BAV.G. 
wire, also covered with 
cotton or silk ; its price is 
about 6d. per ounce, and 
two ounces will suffice for 
one bell Wind half of 
it neatly around one of 
the bobbins, and then, in 
the contrary direction, 
wind the remainder 
around the other bobbin. 
I have shown the direc- 
tion clearly in Fig* 12, 
It is most important that 
you should do this cor- 
rectly, for when the iron 
becomes transformed into 
a magnet, its north and 
south poles are also determined by the direction of the current. 

To find out which is north, Ampere's rule, which is easily 
remembered, is this. Supposing a man to be swimming in the 
Wlre along with the current, and that he is looking 

i # Ampere s 

uovvn on the piece of iron which lays at right angles rule for de- 
beneath him, then the north pole of the iron would be ^f^oie^of 
at his left hand, and the south pole at his right hand. m ^ net ^ 
Applying this rule to the horse-shoe, you will see that if the wire is 
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FIG. 12, — DIAGRAM EXHIBITING CONSTRUC- 
TION OF ELECTRIC BELL FOR TELEPHONE, 

Half size. 
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not wound around It properly, you would not obtain the two requi- 
site poles to form the magnet. This will appear clearer if you con^ 
sider the horse-shoe as straightened out, with the bobbins on it 
end to end, as if they were united into one ; then the wire should 
appear wound around both continuously^ and in the same direc- 
tion. When the wire is thus wound properly, it is immaterial to 
which end you apply the current, for as your horse-shoe has its two 
poles brought together, even if you reverse the direction of the 
current, you would certainly change the poles, but they would still 
completion act together in attracting the armature. Leave about 
of magnet. 5 inches of the ends of the wire free, as you did with 
the telephone coil, and your electro-magnet is complete. 

For a board, take a piece of dry and well- seasoned wood 6 
inches long, 4 inches wide, and £ inch thick, and fasten the electro- 
Material magnet to it by placing a small piece of wood across 
for board. t h e top of the two bobbins, and screwing it down with 
two wood screws, as 
shown in Fig. 13, The 
position of magnet on the 
board is shown at A in 
Fig. 12, where I have 
omitted the bit of wood 
and screws, so that the 
direction of the wire coil 
might appear distinct 

For the armature e, take a piece of soft iron 1 finches long, 
iron for h inch wide, and i inch thick, and to one end of it 
armature. f as t; en by small rivets a piece of springy sheet brass F, 
about 2^ inches long, leaving one end of it clear for about an 
inch, and bending out the other end a little, as shown. 

About inch from this end must also be drilled a minute hole 
to rivet on a bit of platinum, or else the electric current which 
Platinum on passes from the screw in d to the spring f at this 

armature, point WQuld bum thg bfas ^ At ^ ^ q{ ^ 

straight part of this spring make two holes about | inch apart. 
Should you find it difficult to make these holes and to fasten the 
spring to the armature, any working watchmaker would soon do it 
for a trifle* To the other end of e must be fastened in the same 
manner a piece of brass wire G, about if inches long, which at its 
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FIG, J3. — WOOD ACROSS TOP OF BOBBINS* 

Half size. 



BELL FOR SIGNALLING. 




FIG- 14.— END ELEVATION 
OF C IN FIG. II. 

Half size. 



far end is screwed into or soldered on to a little brass knob about 
\ inch in diameter, to form the hammer* Now out of a piece of 
hard wood — beech is the best— with your tenon-saw Wood for 
cut one piece, as shown at C, an end elevation of which armature, 
is given at Fig. 14, and one piece, as shown at D, a side elevation 
of which is shown at Fig, 15. 

To C must be screwed the straight end of the spring F by two 

small brass wood screws through the 
holes at a height equal to 



Attachment 

the distance which the of spring 
centre of the electro-ma?- to WO0£1, 



net is above the board. Then fasten c 
by two wood screws on to the board, 
so as to bring the armature parallel 
across the poles of the electro-magnet, 
and about 1 inch off from them. 

Through the centre of D f at the same height, screw a thin 
round-headed brass wood-screw long enough to pro- 
ject beyond the wood at each side for about i inch* 
If you make D about f inch thick, then the screw 
would be i inch long. Now fasten D to the board, so that the 
screw points towards the centre of the magnet and touches the 

bent end of F, where the bit of platinum is 
riveted. - , 

For the bell E, you might for a few pence pur- 
chase an old gong out of an alarum Ben, whence 
clock, or a little brass hand-bell will obtailiable - 
do nicely if you take out its inside clapper, and 
fasten it, mouth upwards, by sticking the handle 
into a hole in the board, so that the edge is about 
£ inch off the knob G, the wire of which you can 
bend a little, to bring it level with the striking edge of the bell 

Now, for terminals, screw two large brass screws into the board 
at h and l Around H twist one end of the bobbin 
wire, and connect I to the screw of D by twisting the 
ends of a short piece of wire around them. Finally, fasten the 
other end of the bobbin coil to the head of one of the brass wood- 
screws which holds the spring F to C, and your electric bell is 
complete. 



Hound- 
headed 
screw. 




fig. 15, — SIDE 
ELEVATION OF 
O, FIG. IO. 

size. 



Terminals* 
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HOW I MADE MY TELEPHONES, 



To ring it, you must connect up one terminal to the " copper ■ 
of your battery, and the other terminal to " earth." Let us sup- 
pose you have done this, and that the terminal I, in Fig. 16, is 
How to joined by wire up to your battery, and H to " earth." 
ring bell. Then the current would flow from 1 along the wire to 
the screw in d, passing to the end of which, it reaches at the 
platinum point the spring f ; then it runs along F to the screw in 
C, around which is twisted the end of the bobbin coil, and so it 
finds its way through the whole of the coil around the horse-shoe 
to H, and loses itself in " earth." But the moment it flows through 
the coil, it converts the horse-shoe into a strong magnet, which 

attracts the armature e towards it, causing the hammer 
SSric G to strike the bell B. But when the armature E is 
current. thug attracte( j towards the magnet, it at the same time 
draws the spring F away from the end of the screw in D, and 
thereby breaks the connection, stopping the flow of the electric 
current. The horse-shoe then loses its magnetism, and can no 
longer attract towards it the armature E, which, therefore, is pulled 
back by the spring F to its original position, when the platinum 
point again touches the screw in D ; connection is then made, the 
electric current flows again, and, as musicians would say, da capo. 

Should a bell prove too loud for a room, a toy tambourine or 
Butostitutea small drum can be substituted for it. The screw in D 
for bell. w m have to be adjusted so as to make and break the 
contact nicely. Also, should any of my readers prefer a single- 
stroke bell or gong in preference to the repeated and continuous 
ting, it can be easily done by screwing the screw in D up so as to 
keep its end always touching the platinum on F, and making the 
wire of G to spring slightly. Then, when the current is started, 
the electro-magnet draws the armature so sharply towards it that 

the wire g will spring the knob sufficiently to strike 
aSmeS the bell once. It is a little fidgety to get the screw 
of screw. p r0 p er i y adjusted for this, and you may have to 

slightly alter the bend of the wire G. 

The bell should be fixed vertically on the wall, in the position 
Position of shown in the sketch, with the hammer hanging down ; 

belL and it is better to cover it over with a casing of thin 
wood or cardboard to keep out the dust. 

All that is now left for me is to describe how to finally connect 

26 



CONSTRUCTION OF LINE AND BATTERY WIRES. 



up and set in working order. First of all then, at a Height of 
about S feet from the floor, fasten by two screws the SetHng 
switch-board in a vertical position against the wood- tow*^ 
work of the shutter recess, or against tbe wall in any 
other part of the room that you may deem more suitable or con- 
venient, and having your battery in good order, place it near. The 
bell will go nicely over the switch-board, and of course the closer 
you keep all three together the shorter your connecting wires will 
be, and the less trouble you will have in fixing them. 

In Fig. 1 5 (No. I station) I have shown distinctly all these 
wires. The end of your " line" wire must be joined to junction of 
the wire which is twisted around the central screw of battery 
the " bell -battery " switch at A. The carbon of your wire*, 
battery must be joined to the lower screw D of the same switch ; 
the upper screw C you have already connected to the brass guide 
at E. The screw-eye H has no wire attached to its shank, but only 
one of the pliable telephone wires twisted around its eye ; the other 
telephone wire being fastened in the same way to the eye of o. 
The wire from F must be connected to one of the terminals of the 
bell at i, and finally the other terminal of the bell, the wire twisted 
around the shank of G and the wire of the amalgamated zinc rod oi 
the batterv, must all three be connected to " earth " — connection 
that is, must be twisted around the nearest water or e * r • 
gas-pipe, marked K— these three "earth" wires need not each be 
fastened to the water-pipe ; sufficient if one be led to the pipe and 
the other two twisted around this one, at the nearest and most con- 
venient point. If, as is most likely, your water-pipe is outside the 
house, then you must lead the wire out of the window-sill by the 
same hole as your line wire. Wherever you thus join up two wires 
you must be careful to scrape about an inch off the Mode of 
insulating cotton or gutta-percha, and clean up the Jomingup 

° 1 . , m wires* 

copper ends before twisting them together with a pair 

of pliers ; and although not absolutely necessary, they will hold all 

the firmer if you touch them up with your soldering-iron. 

Now let us see what takes place when No. I station wishes to 
speak to No. 2 station. He takes hold of the bent Communica . 
end of his switch A, and pushing it upwards, causes u^g^ 11 
the other end to touch the screw D, then the electric 
current immediately flows from his battery B to D A, along the line 
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to No, 2, where the switch being in its normal position, it goes to 
C, and on to the brass guide E ; but it does not stop there, for 
although the wire on which the telephone hangs is loose enough to 
Summons slide up and down in the brass guide it is still always 
^ vent touching it ; so the current goes up die wire to F, and 
then on through the bell I, ringing it, and finally loses itself in 
" earth " by the water-pipe* 

No. 2, hearing the bell ring goes to his switch and answers 
back in precisely the same way ; No. i of course having allowed 
Reply to his switch to go back to its hanging position against c 
Bummonfl, whilst awaiting the answer. Both now unhook their 
telephones, allowing the little spiral spring to pull up the switch 
clear of f (thereby cutting off the bell) and causing it to touch H. 
No. I, the first to ring up, speaks first, whilst No. 2 holds the tele- 
phone to his ear, and the currents now being no longer the strong 
ones from the batteries, but those generated by the telephone* 
change of magnets— the connections are <£ earth w k g, down one 
currents, telephone wire, and around the telephone coil, up by 
the other wire to it, through the two arms of switch to E, thence on 
to C A, along the line to the other station to A c E H telephone 
Reconnec- coil, G K " earth," When the conversation is ended, 
warning ^ ot ^ by hanging up their telephones, reconnect up 
bells. their bells ready for another occasion. And now I 
think I have shown how I got my telephones to work, and but 
little more remains for me to say. Throughout I have endeavoured 
to make everything as simple as possible consistent with good 
working results, and therefore my readers will find ample room for 
improvements, and I have no doubt several will look with scorn 
upon my poor round-headed screws, and speedily substitute proper 
brass terminals, etc. 

One improvement I will mention, and it is this— the awkward- 
ness of having only one telephone for both speaking through and 
utility of hearing, can be got over by having two to each station, 
phones to when one can be held to the ear, whilst w ith the other 
each station, you can speak. To connect up the second, or "listen- 
ing" telephone, instead of fastening to the eye of G, one of the 
wires of the first, or u speaking n telephone as stated above, you 
must join it direct to one terminal of the " listening st telephone, 
and then in its place connect up the other terminal of this " listen - 
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in£ J > telephone to G. The current will then pass from G through 
both the telephones, first the " listening/' then the PoBition of 
"speaking !J one, before reaching H. As the weight of "listening 

^ " , telephone* 

the one telephone is sufficient for keeping down the 

switch, the "listening" one need merely be hung on an ordinary 

brass hook at the side, or anywhere near. 

In conclusion, should any of my readers be desirous to follow 
up the subject, and learn a little more about this wonderful and 




FIG 16.— MODE OF MOUNTING TELEPHONE SWITCHES. 

interesting science, I can well recommend to their perusal a little 
book by Professor Silvanus Thompson, entitled tf Ele- Thomson 

. . , » f vi 1 on electricity 

mentary Lessons in Electricity and Magnetism, and and mag- 
then they will not rest contented until they have, by netlsm * 
the addition of carbons or microphones, and mysterious induction 
coils, rendered perfect their telephonic stations, 
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Thus far can I go, rind no further ; for, being a busy man myself, 
I have been forbidden the time necessary to go further and deeper 
into the subject in which I have sought to interest my readers, I 
can only add that I experienced considerable pleasure in planning 
and carrying out the first attempt, and, I fear, the last that I have 
been permitted and privileged to make in telephony, or the art of 
conveying vocal sounds, and therefore holding converse at a dis- 
tance by the aid of electricity. It is, indeed, one of the wonders 
of the present day, and in regarding it one is often led to think 
with what astonishment any one of the last century would con- 
template this and kindred matters, could he return to earth and be 
shown and told of all these things while, as Hamlet says, "revisit- 
ing the glimpses of the moon/' 
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THE DOMESTIC ELECTRIC LIGHT. 



CHAPTER I. 

VARIOUS FORMS OF ELECTRIC LAMPS, 

i 

Result of recent exhibition of electric lights— The electric light at home — 
Classification of electric lamps — Characteristic features of arc lamps— Best 
types of arc lamp — 'Construction of semi-incandescent lamps— Types of semi- 
incandescent lamp— Principle of incandescent lamp— Exclusion of air from 
carbon — Best forms of lamp — Rivalry of Swan and Edison — Edison and Swan 
Electric Light Company— Cost of Swan lamp— Facts concerning Swan 
lamp— Cost of production of light— Lighting from battery at home difficult— 
Little lamps of eight-candle power — Construction of Electric Novelty Com- 
pany's lamp— Connection with battery — Not possible to make lamp at home 
< — Bunsen cell: its construction— Charge of porous cell — Treatment of zinc 
cylinder — Covering zinc cylinder with mercury— Carbon block — Making up 
battery of cells— Coupling cells In series— Why cells are thus coupled— Dura- 
tion of current from Bunsen battery — Renewal of generating power— Test of 
strength of nitric acid— Battery requires daily cleansing — Bad effects of fumes 
from battery — Inefficiency of batteries for electro-plating and electric bells 
—Fuller's constant battery — Dales bichromate battery — Urquhart's bi- 
chromate cell — Plan for making cheap battery— Charge for cell — Stoppage 
of fumes — Failure of platinum wire — Importance of platinum wire to amateur 
— Mode of making platinum incandescent lamp— Wooden base— Standard 
of copper wire— Lever and supporting pillar— Contact parts : how treated— 
Test tube as shade for light— Working of the lamp described— Adjustment 
of platinum wire to current. 

HE collection of electric lights exhibited in 1882 at the 
Crystal Palace naturally awakened in Result of 
the minds of many persons, in both town bmon of elec- 
and country, the desire to possess the trie lights, 
means of enjoying the light from an electric lamp in 
their own homes. Hitherto the means to gratify such a desire 
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had been so costly and troublesome as to practically render its 

attainment impossible to all except those who are 

The electric r 1 

ligntat wealthy, But then the coveted treasure was brought 
within the reach of most persons, and I give here a 
description of the various ways and means as they then existed. 

I will not stay to examine the claims of rival makers of electric 
lamps, nor to compare the respective merits of the various lamps 
tJfl then before the public. It is now generally under- 
tion of eieo- stood that these lamps are divided into three classes 
trie lamps. — ^ Arc lamps; (2) Semi-incandescent lamps; (3) 
Incandescent lamps. In the arc lamps the carbon candles are con- 
Charaoteria turned in air by a kind of fretting of the two points by 
tic features the force of the electric current, the fretted and highly 
of arc lamps. ] um j nous p ar ticles being consumed between the two 

carbon points in the form of a double arc of light. The best 
Best types known types of this lamp are those of Siemen's, the 
of arc lamp, u rus { 1 Company's, and the Crompton lamps. This 
kind of lamp requires a current of great force, only available from 
those large generators of electricity known as dynamo-electric 
machines. They are, therefore, inadmissible here, except to claim 
a passing notice in comparing them with others. In the semi- 
Construction incandescent lamps the carbon is also consumed in 

inc°andeBceiit a ^ r > ^ ut on 'y 0ne car ^ on * s ^ us consumed, and this 
lamps. no t entirely in the form of an arc. A pencil of carbon 

is made to rest against a block of carbon in the upper part of the 

lamp, as in the Werdermann lamp ; or against a 

Types of 11 

semi -mean- cylinder of copper, as in the Joel lamp. When the 
descentlamp. electric current j S ma de to pass through the carbon 

pencil, its point becomes incandescent, and glows with a white 
heat, whilst at the same time small particles of glowing carbon are 

fretted off. as in the arc lamps. In the incandescent 

Principle of ' ... j , . , 

incandescent lamps a hlament of carbon is made to glow with a 
lamp, w hite heat under the force of the electric current, but 
it is not allowed to consume away. This is achieved by enclosing 
^ , . the filament in a little glass globe, exhausting all the 

Exclusion 0 0 p 

of air from air in the globe, and then sealing it hermetically* As 
carbon. car fo on cannot consume without a supply of oxygen, 
and this supply (from the air) is cut off, the filament may be kept 
at a white heat for a very long time, even hundreds of hours, 
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without showing the least sign of being burnt away* There were 
many forms of this lamp in the market ; the best Beat forma 
known bearing the names of Swan, Edison, Maxim, of lamps. 
Lane- Fox, and the British lamps. All used the carbon filament in 
a tiny glass globe, and differed only in the form and quality of the 
filament and its attach nient to the connecting points of the line, 
therefore we will not discuss their merits, but select the Swan 
lamp as a type of the whole for our purpose here* 

Mr. Swan, of Newcastle-on-Tyne, and Mr, Edison, of Menlo 
Park, New York, U.S.A., were the two rival claimants Bivalr3rof 
for the honour of solving the problem of applying the swanand 

A . m Edison. 

electric light to domestic purposes by the invention ot 
the incandescent lamp. Without attempting to advocate the claims 
of either, we need only say that the question has long since been 
settled, and that the incandescent electric light is the domestic 
light of the present day. The Edison-Swan United Edison and 
Electric Light Company and their agents will now Bwa »g5^ 
fit up their system wherever required, or sell lamps company, 
alone for the purpose. In 1882 we could not get one of those 
lamps for less than 25s, each, but not long after they cost of 
were sold at 5s, each, and are now to be bought for Swanj^mp. 
is. gd. As it is a matter of fact that many persons at that time 
deceived themselves by buying one of the Swan lamps, thinking to 
get the light also without any further outlay, it "will be well to state 
a few facts here concerning them, to prevent further pact(j 
mistake. An average Swan lamp then gave a light of concerning 

° r . Swan Lamp, 

from sixteen to twenty sperm candles if supplied with 
enough electric current, and if the necessary current for this pur- 
pose is to be generated in a Bunsen battery, we shall need fourteen 
Bunsen-' cells of quart size connected in series — that is to say, in 
file one after another-to light a twenty-five volt sixteen-power 
candle lamp. Let us look at the probable cost of this. Taking 
the cost of each cell at 4s. 6d., and lamp with holder and switch at 
5s., the total cost will be £3 8s. There is a great difference be- 
tween this and the cost of maintaining an electric light at original 
prices, when a greater number of cells were required, or supposed 
to be required, and lamps with the necessary fittings cost double 
the money. But this may now be regarded as belonging to ancient 
history, 
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Added to this is the cost and trouble of charging and cleaning 
the cells, and an intolerable nuisance arising from battery fumes, 
Limiting enough in itself, independent of cost, to dissuade an 
from battery ania t e ur from undertaking such a task* Clearly, then, 

at home , _ 

difficult. W e could not think of lighting our homes with the 
Swan lamp by current derived from battery power, and had to await 
the time, not very far off, when they could be lit from mains of 
current generated by dynamo- 
electric machines maintained by 
electric light companies. As the 
other incandescent lamps above 
mentioned require similar con- 
ditions to work them, we will 
dismiss them altogether. 

But we were not entirely left 
in the dark, for we could get ^ 
, little lamps giving 

Little lamps & 

of eieht- a light of eight- 

candle power. 

candle power, with 
a current from six Bunsen cells, 
from the Electric Novelty Com- 
pany, Strand, London^ at ios,6eh 
each lamp, or an outfit of one 
lamp and itsbattery for 40s. This 
company apparently no longer 
exists. The form of this lamp is 
show^n in the subjoined sketch ; 
its construction is as follows : — 
Construction A thread or fila- 
n^SSS- "lent of some car- 
pany j s lamp, bonised material is 
bent into the form of a loop, the two ends of which are attached 
to two thin wires of platinum, and these are embedded in the glass 
stem of the lamp globe, this globe is then placed in connection with 
an air pump, and all the air is sucked from its interior, then the 

orifice is hermetically sealed by fusing the glass closely 

Connection J _ . 

with around the conducting wires. The two loops of the 
battery, con ducting wires are connected with the terminal poles 
of the battery, and the current from six quart cells of Bunsen's 
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CONSTRUCTION' OF B UN SEN CELL. 
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FIG. 2* — BUNSEN CELL, 




Treatment 

of zin c 
cylinder* 



battery heats the carbon filament to an incandescent condition, 
giving a light said to be equal to that from eight sperm candles. 

It will be easily understood that this form of lamp cannot be 
manufactured at home, hence we have not entered into Not p0B8lbl6 

the minutiae of its construction ; to make lamp 

at home. 

but a few words respecting the 
battery maybe acceptable. The Bunsen cell, 
Fig. 2, is composed of an outer Bunsen 
containing cell of stoneware, cell: its 

- * construction. 

into which loosely fits a cylinder 
of zinc, and a cell of porous earthenware 
within this in which is placed a square rod 
of carbon. The porous cell is charge of 
charged with strong nitric acid, *°™^eii 
and the outer pot or cell with a mixture of one part sulphuric acid 
(oil of vitriol) in eight parts of water. The zinc cylinder must be 
well amalgamated with mercury, and this should be done as 

follows: First clean 
the zinc by immers- 
ing it a short time 
in the battery mixture above 
mentioned, and brushing with a 
hard brush (a coachman's car- 
riage or spoke brush is a handy 
tool for this purpose) j when it has been thus cleaned, roll the 
cylinder in a baking dish in which has been placed an ounce or two 
of mercury (quicksilver). If the zinc is clean it will be quickly 

covered with covering 

,i zinc cylinder 

mercury on the 
outer surface, mercury, 
brush this well over and 
sweep some of the mercury 
into the inside of the cylin- 
der with the brush, continue 
sweeping it in and brushing 
it until all the zinc has been made bright with mercury, then brush 
off all superfluous drops, and place the amalgamated Carbon 
cylinder in its place in the outer cell Now put the blockf 
carbon block in the porous cell, and take care in charging it with 
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FIO. 4.— CONNECTING CELLS IN PARALLEL 

CIRCUIT, 
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the nitric acid, not to spill any of the acid on the outside of the cell 
nor fill it above the intended line of the acid mixture of the outer 
celt. Put this cell in its place, and then charge the outer cell with 
the acid mixture, then clean and 



fix the binding screws to carbon 
and zinc ready for work. 

There are two distinct 
methods of making up a battery 
„ . _ of cells ; one being 

Making up fo 

battery known as coupling 

them m " series, 
the other as joining up in "mul- 
tiple arc," or u parallel circuit." 
To couple them in "series" 
coupling ceils (Fig, 3) we connect 

in series, th e Z J 11C 0 f one cell 

with the carbon of the next, and 
so on through the long string of 
cells forming the battery ; join- 
ing them in "multiple arc 19 is 
the converse of this arrange- 
ment all the zincs being con- 
nected to one line wire and all 
the carbons to another. This is 
graphically shown in Fig, 4, 
By the first arrangement the 
battery is given "pushing 
power^ or the ability so to speak 
of overcoming resistance in the 
circuit, a property nearly analo- 
gous to high pressure in water 
and steam ; by the second we 
increase the volume or quantity 
of electricity generated in a 
given time, and it finds its 

analogy in a large boiler filled with steam at a low 
pressure. In connecting up a battery of cells for the 
electric light, we invariably couple them in series to 
overcome the resistance of the lamp carbons ; but the number 
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RENEWAL OF POWER IN BATTERY. 



of the lamps connected with the battery is limited to two, or at 
the utmost to three. The arrangement of lamps is shown in 
Fig, 

The Bunsen battery will supply a vigorous current for four hours 
continuously, after this its force diminishes during the Duration of 
next four hours, and on such work as this we cannot fromBunsea 
hope to get effective work for a longer period than six battery, 
hours* At the end of this time the cells must be taken to pieces, 
the zinc cylinders washed, brushed, and reamalgamated, the bind- 
ing screws, clamps, and wares cleaned with emery cloth, and the 
carbon blocks, cells, etc, rinsed with water. It is best to dip the 
brush in the battery mixture and brush the zincs with it before they 
are amalgamated, this will use up a part of the mixture. Before 
recharging the cells this deficiency must be made up Renewal of 
by pouring fresh acid and water into the pitcher with generating 
the old mixture and thus refresh it. The nitric acid P° wer * 
should be poured from the cells into a jug, and be vised again if it is 
not exhausted of its properties ; if it pours out from Tegt " 
the cells green and fuming, it is all right ; if it pours strength of 
out nearly black, it is almost exhausted ; but if it has 
changed from this latter tint to a yellowish liquid or one free from 
colour, it is exhausted, and fresh acid must be put in the cell with 
the carbon. The process of cleaning must be gone Battery 
through immediately after each time of using the Te amy S 
battery, and this must be made up afresh each night cleansing, 
just before the light is required. Whilst the battery is at work it 
gives off dense brown nitrous fumes from the inner cell, which have 
an offensive odour, and are deleterious to health. Bad effects of 
Various expedients have been adopted to nullify the fumes^from 
effects of those fumes- The cells have been put in a 
box, and a sheet of blotting-paper saturated with ammonia has been 
spread over them, or little boxes of ammonia carbonate put in with 
the cells, but the best plan is to put the box and its contents in an 
out-house or shed, and lead the wires from the battery into the 
house, in this case the line wires should be large and offer as little 
resistance as possible tc\the current, 

The nuisance arising from the noxious fumes of this and the 
Grove battery has led many persons to devise oiher forms of 
electric generators which should be free from the objectionable 
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features above mentioned, and yet be powerful enough to produce 
^ the electric light* The quiet and inoffensive batteries 

Inefficiency ° 1 

of batteries used in electro-deposition, and in doing such work as 

for electro^ 

plating ana ringing electric bells, are altogether ineffective for 
electric belle. wor k. We have therefore to turn our attention 

elsewhere, and in doing so find that those batteries in which bi- 
chromate of potash does duty instead of nitric acid, promise to 
fulfil the first requirement ; they are also powerful, but, like many 
other fickle jades, they are inconstant and liable to fail within at 
most an hour after being set up. Many methods have been 
devised by electricians and chemists to overcome this defect, hence 

we have the constant battery of Mr. Fuller, where the 

Fuller's 

constant position of the elements are reversed, a rod of amalga- 
battery, ma ted zinc going in the porous cell with a little mer- 
cury, and a plate or carbon in the outer cell, the first being charged 
with the acid mixture, and the other with a saturated solution of 
bichromate of potash acidulated with one-fifth of sulphuric acid. 
This battery has been used with some success, but to be efficient 

the outer cells must be large, two carbon plates must 

Dale's 

toichroinate be used, and two plates of rolled zinc instead of a rod 
patter^ Q £ cast z j nc> Any good constant bichromate battery 
may also be used for this purpose under similar conditions to that 

given for the Fuller cell Mr. Urquhart has also 

Urquliart's & ^ ... lt . . _ . 

bichromate described a constant bichromate cell in Design and 

Work," of August 20, 188 1, which has been said to be 
most effective for the electric light, but as I have not tried it I 
cannot say anything about its effectiveness. The following modifi- 
cation of a plan for making a cheap battery may be found useful 
Plan for in making up a battery for the electric light. Put an 
^heap^ ordinary porous pot in the centre of a quart stone- 
battery, ware cell^ and pack the space around with a mixture 
of equal parts by weight of iron turnings or borings and peroxide 
of manganese, using a strip of iron hoop instead of a zinc plate 
for the positive element. This cell is to be charged with bichro- 
mate solution as prepared for the Fuller celL Now get a thin strip 
Charge of carbon to go in the porous cell, and charge this cell 
for cell. w j t j 1 a fixture of one part nitric acid to ten parts of 
water, cut a barrel bung in two and fit them in the top of the 
porous cell, and on each side of the carbon so as to seal it in the 
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cell and prevent any fumes from rising, or a wooden cover may be 
made for the purpose. In the original plan (with stoppage 
platinised silver in the porous cell) a battery of six of fumes, 
cells has been said to light up an incandescent lamp, and work for 
eight days without renewal. 

Nearly all early experimenters with the incandescent electric 
lamp have tested the efficiency of a thin wire of plati- Pailure of 
num, relying upon its known infusibility, even when platinum 

, wire. 

kept at a 

white heat by ordinary 
methods of heating. But 
platinum wire has failed 
when heated by a cur- 
rent of electricity, and 
the thin spiral or loop 
has frequently suffered 
disruption from the cur- 
rent when the light has 
been at its best Not 
a month since I saw a 
5s. lamp prove a dead 
loss to its owner by the 
fusing of the platinum 
loop under the current 
of four Bunsen cells 
of quart size, weakly 
charged, and I hear that 
this is not a solitary 
case. If this material 
could be safely used it 
would prove a boon to 
the amateur lamp-maker, since the fine platinum wire importance 
is within his reach, but the carbon filaments are ° f wireto m 
unn attainable by him- The following method of amateur, 
making a platinum incandescent lamp (published in a letter to 
The Mechanical Warld) promises to be a good one, Modeofmak- 
within the means and skill of almost every person, SLn^escent 
The necessary materials are a disc of wood, f inch lamp, 
thick, and 2 inches diameter, 6 inches of No. 10 B, W. G. copper 
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FIG, 6. —SECTION OF PLATINUM INCANDESCENT 

ELECTRIC LAMP. 

A, Lever to short- circuit current when the pla- 
tinum wire is overheated; B, Pillar to support 
lever; C, Foot of standard holding platinum 
wire; P, Platinum wire. 
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wire, 3 inches of No. 40 platinum wire, and a large test tube. 
The form of lamp and its construction is shown in the sketches, 
Fig. 6, which have been altered a little in detail from the original 
sketch to suit less skilful persons than its designer. The base 

may be neatly turned up out of a piece of hard wood 
wooden base. ^ d hoUowed as shownj or ma de out of any odd bit 

of wood and left flat. 

The standard of bent copper wire may be fixed to the base by 
a foot C, made by flattening one end of the wire, boring a hole to 
standard of receive a small screw, and turning up a small contact 
copper wire. pi ece . or it may be brazed to a small brass stud made 
10 screw into the base. The bent part must be slit with a file or 
hack-saw to clip the upper end of the platinum wire r, and the 
lower end of this wire must be held in a corresponding slit made in 

the lever a. This lever may be made out of a piece of 

supporting the copper wire (as used in the construction of the 
pillar. standard), bent to the form shown in sketch, or it may 
be made of brass. The pillar to support this lever may also be 
made out of a bit of the wire shaped as shown at b, or it may be 
contact parts: made from a small brass screw. The contact parts 

iiow treated. 0 f A and c must be tipped with a bit of platinum foil 
soldered on, and it will be well to solder the leading wires to the 
pillar B and the foot of the standard C, afterwards passing them 
through holes in the base and attaching them to the binding screws 

on each side. A large test tube inverted over the work- 
Test tube . , ,' <■ 1 ■ , 
as shade ing parts of the lamp and held in a circular groove 

for light. at t ] ie bottom, forms a neat shade and protection to 
the light- Test tubes suitable for this purpose, i£ inches in dia- 
meter, may be obtained through any electric lighting company or 
firm for less than 2S. per dozen. 

The working of this lamp is as follows : Connect the two bind* 
ing screws with the two poles of a powerful battery ; if the current 

of is stron £ enou S h ? lt wil1 lieat tlie P latinum wire white 
the lamp hot, and it will then give out dazzling white rays ol 

d«*ib.d. light) whilst the wire wiU expand and lengthen . ^ the 

lever A is free to move, and has been properly adjusted, it will drop 
slowly, and nearly touch the foot C. A little more current, such as 
would fuse the platinum wire, will cause it to lengthen still further; 
A will then touch c, and short-circuit the current until P has cooled 
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enough to draw A away from C, when p will again get white hot 
If the current is not strong enough, the platinum will only get red 
or yellow, and emit a feeble light, and if it then short-circuits the 
lamp, the wire must be shortened. It will thus be Adjust™^ 
seen that the platinum wire may be adjusted to bear ^ to 
any current short of that necessary to fuse the wire, 
and this accident may be prevented by adjusting the wire to short- 
circuit through a and C when the wire gets dangerously hot. The 
light from this lamp will not be equal to that from a carbon lamp, 
but it has the merit of being cheap, easy of construction, and easily 
repaired; it may also be worked with a few Fuller or u t Ire r -bi- 
chromate cells. 




bunsen's battkky. 
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CHAPTER II. 

THE LOW-POWER SWAN LAMP. 

Electric force required by large Swan lamp — Lamps requiring weaker current 
— History of the Swan lamp — Necessary vacuum in globe — Effect of air on 
carbon— Causes of disintegration — Experiment on carbon threads — Carbon- 
ized crochet cotton — Its fineness and hardness — Success of experiments — 
Cause of brilliancy of light from carbon loop— Form of filament in low-power 
lamps — Shortening of arch necessary — Number of cells for working two or 
more lamps— Battery for several lamps— Bichromate battery for small lamps 
— Prices of lamps— Coil for support of Swan lamp— Suitable holder for lamp 
— Stand for lamp — Design for woorlt n lamp- stand— Arrangement suitable 
for fixed lamp — Regulation of intensity of light — Tap as pivot of switch — 
Dynamo-electric machine for amateurs. 

N the preceding chapter, in my remarks prefatory to 
i the description of an Electric Lamp sold by the 
Scientific Novelty Company, 1 mentioned that the 
Swan lamp required a force from fourteen Bunsen 
cells to work it. It must be distinctly understood, how- 
ever, that I therein referred to the large lamp then manufactured by 

Electric force 

the S wan Electric Light Company. This lamp re- 
iarge r |wan qui red a constant pressure of at least 25 volts to give 
lamp, a jjg] lt 0 f i6-candle-power ; but lamps of lower volt- 
age and lower candle-power can now be obtained from all manu- 
Lampare- facturers of electric lights. The lamps can be worked 
weaker with a lower battery power, as will be seen later ; but 
current before I go into these particulars, which cannot fail to 
present many points of interest to all amateur electricians, and 
especially to young beginners, I will take a passing glance at the 
history of the Swan lamp. 

Whilst Mr. Edison was conducting his experiments on the use 
History of G f platinum in electric lamps, Mr. Swan, of Newcastle- 

the Swan r . *- • . * 

lamp. on-Tyne, was turning his attention to the maintenance 
of carbon in an incandescent condition under the influence of the 
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electric current. Twenty-two years ago he sought to produce the 
electric light by heating a thin strip of carbon under a glass shade, 
exhausted of air ; although he failed in that experiment through a 
breakdown of the apparatus employed by him, he obtained an 
insight into the principles of incandescent electric lights, and, 
subsequently to this, renewed his experiments. An interval of 
seventeen years had given him some new appliances, the most 
important of which, the Sprengel air-pump, enabled him to obtain 
a much higher vacuum for his experiments than could Keceagary 
be nroduccd by the common air-pump. This high vacuum 

. i i il i_* I* in globe, 

and complete vacuum in the glass globe which con- 
tains the carbon, is absolutely necessary to the production and 
maintenance of the electric light therein. Let the smallest quantity 
of air into the globe, and the glowing filament of Effect of air 
carbon will flash up brilliantly, then crumble into dust OD ******** 
In the imperfect vacuum thus obtained by the common air-pump, 
Mr- Swan and others observed that the stout carbon threads then 
employed, wore away rapidly, obscured the glass with a kind of 
thick smoke or soot, and then broke, Mr. Swan concluded that 
this disintegration was due to two or three causes — causeaofdis- 
first, the air was not entirely exhausted from the con- integration, 
taining globe; second, the globe was not hermetically sealed; 
third, the carbon thread itself held air or a gas which caused its 
destruction when heated. Accordingly, in October, Experiment 
1877, he had some carbon threads carefully enclosed on carbon 
in glass globes, the air perfectly exhausted, the threads 
raised to a white heat, and then the globes hermetically sealed by 
a glass-blower. This experiment was rewarded with success, but 
there was another matter or two requiring attention before the 
lamp could be considered perfect. The thick carbon available at 
that time required a very strong current of electricity to make it 
white hot, and it lacked an equal quality in all its parts. After a 
series of experiments with various vegetable fibres, Mr, Swan pro- 
duced a carbon filament as fine as hair, from crochet Oarbonised 
cotton specially prepared and then carbonised. In ^oohet 
1879, whilst I was experimenting with a semi-incan- 
descent lamp, Mr. Swan wrote that he was confident of succes s 
with incandescent lamps, and in 1880 he wrote the following con- 
cerning his new carbon : M The carbon is extremely thin— a mere 
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hair- but wonderfully strong and elastic. This, carbon is quite 
its fineness homogeneous, and almost flinty in hardness, and it 
and hardness, becomes harder by use in the lamp ; the longer and 
the hotter it is heated, the harder it becomes. What degree of 
hardness it will ultimately arrive at is an interesting question. The 
carbon I use is not one-twentieth the thickness of the thinnest of 
the carbons formerly 
employed, and there- 
fore one- twentieth of 
the current, costing 
one-twentieth the 
price, will produce in 
my thin carbons the 
same degree of lumi- 
nosity as twenty times 
more current will pro- 
duce in such carbons 
as were used in those 
ancient lamps," 

It will thus be seen 
that he successfully 
Success of overcame 

experiments. ( ft e two 

last objections, and 
brought the incandes- 
cent electric light out 
of the secluded cham- 
ber of scientific interest 
into the larger arena 
of practical success. 
Those of us who were 
able to visit the Elec- 
tric Light Exhibition at the Crystal Palace in 1 882 could not but 
appreciate and admire the beautiful clusters of Swan (amps, 
whether seen in the splendid electrolier hung in the French Furni- 
Causeof ture Court, or under the pretty tinted glass bells on 
taiiuanoy of the stari ^ Q f Messrs. Strode and Co. ; in the Picture 

light from t 

carbon loop. Gallery, or in the Refreshment Rooms, Much of the 
peculiar brilliancy of this incandescent lamp appeared to be due to 
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CARSON FILAMENT IN LOW- POWER LAMPS. 



the intense centre of sparkling white light given out by the carbon 
loop which is a distinguishing feature of Mr. Swan's large lamps 
<a sketch of one is given in Fig. 7), but Messrs. Siemens 5 agent at the 
Palace considers it due to the superior quality of the carbon, which 
enables it to bear a fraction more current than that in other lamps. 

It will be seen on reference to Fig. 8, representing one of the 
low-power Swan lamps, that the loop form is departed ^Jo™ ^ 
from in those lamps, and that the carbon filament is low . power 

merely bent to form lamps, 
an arch between the two pla 
tinum conductors. This depart 
ure is necessary in those low- 
power lamps, for the long thin 
filaments employed in the larger 
lamps would offer too much re- 
sistance, and consequently de- 
mand too much battery-power 
to raise them to a glowing or in- 
candescent condition. The arch 
is therefore short- ShorteniTlg 
ened, with the re- of arch 

necessary, 

suit of a lower 
candle-power, requiring a lower 
current. It will be seen, how- 
ever, from the following table, 
that the candle-power of a 
lamp has a close relation to 
the battery-power required to work ic : — 




FIG, 3. — SWAN LOW -POWER LAMP. 



Swan's Incandescent Electric Lamps, 



Voltage 
of Lamp, 


Ampere of 

Cur KENT, 


Candle- 1 
Power of 
Lamp, 


Cells of 
Bichromate 
Battery. 


Working Life of 
La mp» 


8 
12 

15 


1*9 

rz 

2*3 


2* 

5 
10 

16 


5 

7 

9 
14 


In properly treated, 
the lamps will last 
from 500 to 800 hours 
in constant use, and 
have been known to 
work for 1000 hours. 



In using a number of lamps, we require, 
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battery of cells, but it is not necessary to increase the number of 

cells in multiples of the number required to work one 
e^iisfor lamp ; for instance, although it may take five Bunsen 
W °o^m?rr° cells in series to light up the 2*- candle- power lamp, we 
lamps. shaI1 be able to "light up two such lamps from the 

same number of cells if these are larger, because the larger cells 
have less internal resistance than the small ones, and give, in 
consequence, a larger volume of current ; but a battery soon be* 
comes exhausted if the current taken from it exceeds 3 amp&res. 






FIG* 9* — COIL OF 
BRASS WIRE USED 

TO SUPPORT 
LAMP ON STAND, 




FIG* 10, — FITTINGS OF HOLDER 
FOR LAMP, 



FIG. II, — SECTION OP HOLDER 
FOR LAMP, 



References to Letters in Figs. 10 and 11 :-A t Length of Brass Wire Slotted. 
B, Brass Clip Finished, C, Upper Brass Nut. D> Lower Brass Nut f 
Milled Edge. E, Holder in Section. 

If it is intended to work three lamps from one battery, the cells of 

that battery should be of larger dimensions than those 
foftifrTe employed to light up one or two lamps, and when 
lamps, t ^ ree of the res i stance lamps are to be used for 

a period of from two to four hours, the battery-cells should not be 

less than half-gallon capacity. 

The ordinary single fluid bichromate battery may be used with 

the small lamps, and give good results for two or three hours ; but 

I feel myself bound to point out that the amateur 
SSTte electrician will only meet with disappointment if he 
B maii lamps. lookg for more than this# Rough carbon blocks may 

be used in the Bunsen battery for small lamps. The full current 
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of a large bichromate, or of a Bunsen battery, should not be sent 
at once through a lamp, but the carbon should be tempered by 

raising it to redness with a small 
number of cells, adding more cells 
in series until the required bril- 
liancy of light has been obtained, 





FIG. 12. — LAMP HOLDER ATTACHED 
TO LAMP, SHOWING HOW TO CON 
NECT THE FARTS, 



FIG, 13. — LAMP STAND AND 
SWAN LAMP 3 ELEVATION, 



Regarding the price of the lamps 
these were offered by PriC( , s Q( 
the makers at 5s. each 
lamp, but the price charged by vendors for ati sizes, when one or 
two alone were purchased, was from 6s. to 6s. 6d ; but the prices of 
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incandescent lamps have been reduced to is, gd- for the Edison- 
Swan lamp, and is. 6d. for lamps of other makers. 

Vendors of the Swan lamps also sell a holder made of hard 

brass wire coiled into a spiral spring (see Fig. 9) ; this 
sSpoSof grips the neck of the lamp, and can easily be made to 
swan lamp. grIp the top of a i amp . stan d, or the end of a bracket. 

The price of this holder is from ts. to is. 6d. 

Connection is made with the line wires from the battery 
through the tiny loops of platinum wire 
left outside the neck of the lamp, and this 
connection must be made by hooking the 
loops on the crooked ends of the wires, 
or twisting the ends of the wires tightly 
around the loops, both methods likely to 
make bad contact. I have therefore 

devised a li older, shown at 

Suitable t , , . 

holder for tigs, io and 11, which can 

lamp. be ma(Je tQ tightly g r }p t he 

platinum wires, making a perfect contact 
therewith, and assisting in holding the 
lamp steady. Fig. 1 1 shows this holder 
in section, The part marked E shows 
the section (full 



size) of the end 
of a rod of ebon- 
ite bored with 
two holes to re- 
ceive the two 
brass pins b,B; 
these should be 



-^r> 




TO BATTER/. 

FIG* 14. — LAMP STAND SECTION, 



turned out of tough & brass wire a, Fig. 10, into the form B, 
screwed at one end to receive the two nuts C and D, and a gently 
tapering head made at the other end, slit one-third the length of 
the pin with a hacksaw or a slitting file. The use of this holder is 
shown at Fig. 12, where the slit heads of B,B, are shown gripping 
the platinum wires of the lamp, the two nuts C,C, are then tightened 
until good contact is made. The bared ends of the line wires are 
then wound once around each pin, and the nuts D,D, secure good 
contact here; the wire holder entwines the whole, keeping all 
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Design for 

wooden 
lamp -stand. 



steady. I may mention here that the above design was submitted 
to the Swan Electric Light Company, and that they claimed it 
as being covered by their patents for lamp-holders. 

The lamps may be supported on any kind of stand— a candle- 
stick or a lamp-stand— or suspended from or attached stand for 
*o a bracket The holder shown above will effectually lam P- 
insulate the two pins, and insulated wires must be used to lead up 
k> the pins; care must be taken in using metal stands and brackets, 
;hat no part of the bare conducting wires or pins touch the metal 

of the stands, To meet the wants of those 
readers who may wish to make their own 
lamp -stands for a table lamp, I 
herewith give a design of one 
that may be turned out of wood. 
Fig. 13 shows the Swan lamp and holder 
(Fig- 12) mounted on the stand; and Fig. 14 
is a sectional sketch of the stand and holder, 
showing a channel for the line wires through 
the neck of the stand. These may be sepa- 
rate wires or in the form of flexible silk cord> 
or braid, containing the two wires, this is 
sold in any colour, at from 6cL to 9d. per 
yard. Although the wires are shown as 
passing down through the base of the stand, 
and from thence branching off to the bat- 
tery, it must be understood that Arrangement 
this arrangement is only suit- suitable for 
able for a fixed lamp, when the 
wires would be passed through a hole in the 
table or desk, for a portable lamp it will be 
best to make a hole through the upper part of the base, just large 
enough to pass the flexible cord through, as shown by dotted lines 
in sketch. 

Under the usual arrangements for conducting the current from 
battery to lamp, there is no provision made for regu- Regulation 

lating the intensity of the lk r ht. We cannot turn on a of intensity 

1* of light* 

feeble amount of current and get a small light, or a 

full current and produce a full light, as we turn gas on and off with 

a tap near the burner. Arrangements can be made for doing this 
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FIG, 15.— SWITCH. 

A, Section of Switch in 
Position. B, Plan of 
End of Switch, show, 
ing contact-pieces at- 
tached to line wire. 
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if desired, by interposing an inferior conductor in the circuit or a 
set of such conductors, technically termed resistances, but the usual 
method adopted by amateurs is to add a cell to the battery when 
the light is dull, or take off a cell when the light is too bright, or 
increase or diminish the strength of the battery solution to meet 
the requirements. Some makers of electric lamps provide a tap 
Tap as pivot beneath the neck of each lamp, similar in form to 
of switch. t h ose w ith which we are familar as applied to gas 
burners. This tap is merely the pivot of a switch which serves to 
make contact between two parts of the line, and may be introduced 
in the lamp-stand if desired, or fixed to any other part of the 
circuit. A form of switch suitable for this purpose is shown at 
Fig 15, A and R* The actual contact surfaces of such switches 
should be guarded with strips of platinum foil soldered on. 

Mr. Bottone, Wellington, Surrey, and Mr. Bonney, 25, Avenue 
Road, Lewtsham, have issued a list of articles sold by them for the 
production of Domestic Electric Lights. Any of the Swan lamps 
and the batteries to work the lamps may be obtained from these 
uynamo- dealers, and they also supply a dynamo-electric ma- 
xnlcMne for chine for amateurs. This machine will light up six of 
amateurs, t h e Swan 10-candle lamps, and may be driven by a 
small engine or water-motor. The same dealers also supply a 
small machine capable of lighting a 15-volt 5-candle- power lamp 
for 15s. ; and castings for this and similar small dynamos can be 
supplied from 5s. upwards, according to size of machine and the 
finish required on the castings. Chromic acid is preferable to bi- 
chromate of potash as a depolariser in small batteries. It is used 
in the proportion of 3 oz. chromic and 3 0Z. sulphuric acid in each 
pint of water, and should be contained in glass cells. The zinc 
and carbon should be lifted out of the solution when not in use. 
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A NEW ELECTRIC LIGHT BATTERY. 

Difficulty in maintaining current with Grove and Bunsen batteries-Dale's 
Patent Granule Battery "-Edwin son's battery-Making up of Dale's battery 
-Porous cell and its packing-Charge for porous cell-Treatment of zinc 
cylinder-Prices of batteries in different forms-Advantages of battery- 
Chloride of zinc : how made-Casting lead heads on carbons-Prices of cells 
et&— Lamps suitable for primary battery— Number of cells required for 
electric lighting—Simple lamp for amateurs— Hints on making this lamp. 

N the preceding chapters I pointed out the inconveni- 
ence of maintaining an efficient current for electric 
lamps from voltaic batteries, because Difficulty in 
there was no generator suitable to the 
purpose excepting those noisome nitric 
acid batteries invented by Professors Grove and Bun- 
sen. I also mentioned some forms of batteries in which bichro- 
mate of potash was used instead of nitric acid, but nearly all such 
batteries are open to the objection of inconstancy, unless the 
bichromate solution is kept in a continual state of agitation, and 
tins necessitates a form of cell too troublesome and expensive to 

h w e M m ^T' At that time 1 heard of a new batter y br °ught out 
oy Mr. Dale now of 10, CursitorSL, London, E. C, and 1 supposed it 

to be one identical with a battery of my own invention, but I had 

hTJZr m C T? r T ky , ° f investi & ati «g ^ S identity. Since then, 
hoi ever, Mr. Dale has been kind enough to give me the oppor- 

rwdere """^ pleaSUre in the result before my 

batfpj! Wel1 kn ° Wn that the incons tancy of bichromate of potash 
batteries is caused by a film of hydrogen being D L. 
aeposited -on the carbon plates, and thus causing a 'J**?' 
condmon of things in the cell which is described by &*£?" 
tCrm ' f Pola-ization." Now, if we can get this film off as 
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rapidly as it is formed, or if we can get the carbon to throw it off, 
we shall secure the cell from being polarized, The first object is 
attained by heating or agitating the liquid, but Mr, Dale conceived 
that the second would be best, and could be obtained by exposing 
a very large surface of carbon to the bichromate of potash solution, 
and to have that surface broken up into innumerable small points 
instead of presenting a plane surface to the liquid. This can be 
secured by packing a quantity of broken carbon around the carbon 
plate in the outer or larger battery cell* 

Whilst he was experimenting in this direction, my brother and 
myself were endeavouring to attain the same end by immersing a 
large number of small strips of carbon, 
Edwinson'a instead of one large plate, 
battery- j n the outer solution, and 
by this means made a most powerful 
battery, free from the evil of rapid 
polarization. We used the solutions 
prescribed by Mr, Dale for his chlo- 
ride battery, a battery made up for the 
purpose of supplying a current to elec- 
tric bells doing heavy work. We ex- 
perienced some little difficulty with the 
zinc bolts used in this form of bat- 
tery, and decided to abandon them 
in favour of zinc cylinders, made to 
order by Mn Dale; this gentleman 
also adopted cylinders of zinc instead 
of zinc rods. Our form of battery, 
therefore, differed from his only in one 
or two particulars, readily perceptible to my readers. 

Dale's Patent u Granule 19 Battery, now not to be obtained, was 
made up as follows : — An outer stoneware battery cell of 

Making up _ , _ . r * • . 

of Dale's any convenient size to suit the requirements of the work in 
battery, ^and; a cell of porous earthenware to go inside the above* 
mentioned cell ; a cylinder of zinc to go into the porous cell ; and a 

strip of carbon to go into the outer stoneware cell ; the* 
P °aadita eU whole as shown in sketch. This cell is thus charged: — 
packing. p 0rous ce n (which should be rather larger in diameter 

than the usual cells of this class, and made of the best close-grained 

54 



l 



FIG. l6. — DALE'S PATENT 
GRANULE BATTERY, 

Section of cell slio wing internal 
arrangement, C, carbon ; Z t 
zinc 
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white ware) must be placed in the centre of the stoneware cell, and 
packed in this position with a number of fragments of gas carbon, 
broken to the size of beans ; these fragments must also hold a strip 
of gas carbon, such as the strips used in the Leclanche cells, to 
form a convenient terminal to the negative element. When the 
space between the sides of the two cells has been thus filled up with 
broken carbon, there will still be room for a quantity of liquid 
between the lumps of carbon, and this space is filled charge for 
with a mixture of a saturated solution of bichromate p°* ous oel1 - 
of potash, 2 parts, and common muriatic acid, I part. The charge 
for the inner or porous cell, in which the 2inc cylinder forms the 
positive element, is a solution of chloride of zinc in water, in the 
proportion of solid zinc chloride, f oz., to i pint of water. The 
zinc cylinder should be well amalgamated with mer- 
cury before being put into the cell, and it will also be T oSf 
advisable to pour from £ oz. to I oz. of mercury (quick- cyUllder - . 
silver) into each cell with the zinc. A saturated solution of bichro- 
mate of potash means that this salt must be dissolved in warm 
water until the water will dissolve no more, this quantity being 
generally in the proportion of 3 of the salt to 1 pint of water. 
Care must be taken not to spill the solution on boards, carpet, 01 
clothes, as it will leave an indelible stain ; and it should also be 
known that the salt or its solution is very poisonous. Bichromate 
of potash, is. to is. 2d. per lb. ; Chloride of zinc, is. 6d. per lb. ; 
Muriatic acid, 4 d. per lb. ; Mercury, about 3s. 6d. per lb. ; Carbon, 
6d. per lb. 

The prices of Dale's Patent Granule Battery, per cell, com- 
plete were as follows, according to size 

s ci 

A. Square Porcelain Cell, 5 in. by 3 in. by if in., each celU 6 
" " »• 6 in. by 4 in. by si in. , „ 56 
C. „ Stoneware „ 6* in. by 4* in. by 2* in., „ 56 Price** of 

" •» j» 7 in. by t; in. by 3 in., „ 6 6 batteries in 
H. Round „ (| 6 i irh by s ta< in diameter n s g -Mtoent 

M ** ii &h in. by 5 in. 



* ^ — *» 4 6 

M " " » " 8 in, by 5 in. „ „ 6 6 

M ii 10 in. by 6 in, M 7 6 

The series from A to H are supplied sealed with pitch, to pre- 
vent, spilling of the liquid whilst being canied. and are used for 
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firing fuses, testing wires, and working medical coils. The series 
from K to M are left open at the top, and the two latter sizes have 
an aperture at the bottom to facilitate the drawing-off spent solu- 
tion when the cells need recharging. 

The advantages of this battery over others is as follows ; — 
Compared with the Bunsen cell of equal size, its force (E-M.F.) 
'Advantages is only of a volt less. It is free from noisome 
of battery. f umes# When charged and set up, it will remain 
ready for action at any time within a week. It will work inter- 
mittingly or constantly, as may be 
required : can be worked in spells 
of three hours each for five or six 
successive days without attention, 
or do two or three days' work of 
seven hours each without requiring 
to be recharged. Five cells of the 
L size will keep a five-candle in- 
candescent electric lamp lighted 
up for three hours each evening 
throughout one week, or perhaps 
longer, without requiring to be re- 
charged ; and one battery of my kig. 17.— improved bichromate 
own form has been in use for six 
days at such work as coppering or 
nickel-plating before it gave signs 
of failure. In my own form of bat* 
tery I suspend a number of carbon 
strips from a cover surrounding the 
porous cell ; this cover is perfo- 
rated with holes, to admit the strips, and these may be of roughly 
cut carbon ; in fact, rough, jagged, angular strips are best for this 
purpose. Each strip must have a head of lead cast on to it ; one 
of those heads should be fitted with a brass terminal or binding 
screw, and all the strips must be connected together by a strip or 

Chloride of r * n * °^ ^ ea ^" I also make my own chloride of zinc 
*ino; how by dissolving scrap zinc in muriatic acid until the acid 

will dissolve no more, and then diluting the liquid with 
twice its bulk of rain water. Sal-ammoniac (from two to three ounces) 
may also be used in the porous cell instead of chloride of zinc. 
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Section of cell showing internal ar- 
rangement ; C, G, C, strips of carbon; 
L, Jj f strips of lead to maintain con- 
tact between carbons; A, cover of 
wood suspending carbon strips ; Z f 
zinc cylinder. 



PRICES OF CELLS. 



Before casting the lead heads on the carbons, these must be 
prepared with hot paraffin wax. Melt the wax well into the head 
of the carbon strip to the depth of one inch, driving- it 

i T . , ° Casting lead 

in with a hot iron. In casting the lead head it will be heads on 
observed that the hot lead will drive out and burn oarboM ' 
excess of paraffin, but enough will be left to prevent the bichromate 
salt from creeping up under the head. If the carbons can be cast 
in a ring of lead it will be an advantage to do so ; the next best 
method is that of attaching a strip of lead by autogenous solder- 
ing ; ordinary solder gets "eaten away" in the course of a few 
months, whilst copper and brass wires soldered to the heads soon 
disappear. 

Mr. Dale then supplied suitable cells and parts for them at the 
undermentioned prices Stoneware cells, iod. each ; stoneware 
cells, L and M size, 2s. and 2s. 9d. Porous cells for p riceBof 
the 6 in. high batteries, 6d. each ; for the larger sizes, cells ' et0 - ' 
ad. and ipd. each. Zinc cylinders to fit porous cells, to order, is. 
per lb. ; or amalgamated, ready for working, is. 3d. per lb. The 
prices of suitable cylinders are— for K, is. 3d. ; L, is. od. ; M, 
2s. 3d. ; these prices include cost of brass terminals to each 
cylinder. Suitable carbons, with lead cap and terminal— for K, is.; 
L, is. od.; M, 2s. 8d. Rough thin strips 01 carbon, without lead 
heads, 3d. to 4d. each. I may also mention that the maker does 
not fear any damage to his patent rights from amateurs imitating 
my form of the battery, and will be most happy to supply them 
with materials, or advise them in the use thereof. 

The lamps most suitable to be worked by the current from this 
battery are the incandescent lamps of low resistance, giving a light 
ot about 5-candle power each lamp. Lamps of com- 1- 
paratively low resistance should always be selected to auit «w<»for 
use with primary batteries, provided the resistance is batter/ 
not so low as to require more than 3 amperes of current to light 
the lamps. I have already given a table showing the lamps most 
suitable for use with a certain number of cells. If, however, lamps 
of a higher voltage are selected by the amateur electrician, he 
must of necessity increase the number of cells in the ratio of 
two Bunsen's cells to each rise of 3 volts required, or one single 
fluid bichromate to each rise of 2 volts. Thus, to get a 1 ©-candle- 
power light from a 15-volt io-candle-power lamp, fully ten of 
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those cells in series will be required, and, as the resistance of lamp, 
wires, and connections may be even higher than the force of ten 

ceii^equSia CellS overcome, we shall probably require eleven 
for electric or twelve cells in series to properly light up the carbon 

filament. If we put on more lamps we must put on 
more cells in parallel circuit, and must bear in mind that enough 
cells in series must be employed to get up the proper glow. Even 
when the lamp is doing its best it may not give the light of its 
nominal candle power as compared with that of good sperm 
candles. It will be well to know that incandescent lamps should 
never be subjected to enough current to give out a light with a pale 
blue or violet tint, as this indicates destruction of the carbon fila- 
ment. They are working safely when they give a white glow, 
slightly tinged with yellow. The "granule " battery is not suitable 
to the maintenance of 
arc lights, nor to simi- 
lar work demanding a 
large volume of current 
at high tension. 

Before I close this 
chapter, I may men- 
tion here a lamp shewn 
in Fig. 1 8, which any 
one may make of the 
following homely materials :— A wide-mouthed glass jar or pickle- 
Simpie lamp bottle, into the mouth of which fits a bung or a cir- 

lor amateure. cu , ar d j gc of wqq± Through this passeg & ^ q{ ^ 

platinum wire ; this is made into a loop, in imitation of Swan's 
lamp carbon, and the other end is passed out through the bung or 
stopper again. Two straps of copper, or stout wires of this metal, 
are secured to a base board on each side of the jar by a pair of 
binding screws (telegraph pattern). These straps rise up by the 
side of the jar, the ends are bent over the top, and tightly clip or 
grip the two ends of the looped platinum wire. On connecting the 
wires from a ten-cell Bunsen battery to the binding screws of the 
lamp, the platinum loop gave out enough light to see to read a 
book by it comfortably. The ten cells of the battery were made 
up of gallipots, to save the expense of outer jars. 

Readers who may wish to imitate this lamp will please under- 
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HINTS ON MAKING LAMP* 



stand that a white glass jar should be used, not green glass. 
Copper strap will be better than copper wire — that is, a strip cut 
off from some sheet copper. The ends of the platinum wire may 
be tightly clipped by the turned-down ends of the Hints on 
copper strap pinched closely with a pair of pincers or making 
pliers. To avoid disappointment, get more platinum tMslam P* 
than will be required for one experiment, for it is just possible 
that several lengths will be fused in the course of an evening's 
amusement 

With regard to casting lead heads to strips of carbon, in order to 
resist the creeping action of the battery salt that will otherwise 
creep up and destroy the binding screw and its connections, I 
may say that there are two modes of preparing the plate— one by 
melting lead round the top of the carbon to imbed the binding 
screw in a head of lead, and the other by depositing by electric 
action copper on the top of the carbon plate, and thereto soldering 
the screw. To carry out the first method the home electrician must 
provide himself with some lead and some fine sand* Having ob- 
tained these requisites > the next step will be to see first of all that 
the carbon is perfectly dry, and then to fix the binding screw to it 
and stick it, head downwards, in the sand, pressing the carbon well 
into the sand until the upper edge has penetrated to the depth of 
| inch below the surface. The sand, I should have said, should 
be placed in any convenient vessel, such as a shallow bowl or deep 
saucer, not much wider than the carbon strip, and the sand that 
surrounds the head must then be carefully cleared away so as to 
leave a cavity or kind of trench all around the strip. It is an 
operation which requires some nicety of manipulation on account 
of the want of cohesion in the sand, and therefore must be effected 
with care. The lead, which must be brought to melting-point in 
a ladle, and kept in this condition while the cavity round the plate 
is being prepared, must then be poured in so as to form the neces- 
sary head. The lead will quickly resume its original solid condition, 
and the strip with the lead head thus formed to it must then be 
lifted out of the sand When taken out it will be rough in appear- 
ance, and perhaps somewhat out of shape, and the home electrician 
must proceed without a moment's delay to trim it into shape by 
the aid of an old knife and a rasp file, in order to coat the head 
with Brunswick black before it is quite cold. As this mode, 
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perhaps, will be easier carried out by the amateur than forming a 
head of copper by electro deposition, I will content myself with 
bringing under the reader's notice this comparatively easy method 
of attaining the end in view. 
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CHAPTER I. 

MAGNETO-ELECTRIC MACHINE FOR MEDICAL PURPOSES* 

Introductory — Distinction between magneto -electric and dynamo - electric 
machines — First principles of magneto - electric machinery — Inductive 
influence and induced currents — Utilisation of magnetic influence— Parts 

and construction of machine and magnet — Bobbins and their parts Cores 

— Mode of mounting bobbins — Disposal of ends of wires — Tube and pro- 
jecting spindles— Contact spindle and plug— Insulation of spindle — Course 
of electric current— Economisation of current— Steel contact spring— Short 
circuiting coils — Construction of frame— Supports of frame in box— Handle 
and driving spindle — Taking off current— Regulation of current and shocks^ 

Armature : ifs uses and how to fit it — Dale's magneto-electric machines 

Gent and Co/s electric machines and pamphlet— Application of current for 
medical purposes. 

\ T taking up the description of magneto-electric machines 
and machinery, I had intended to proceed from the 
construction of a simple useful machine up to the de- 
tails of more complicated and larger machines. This, 
however, space prevents me from doing, and I can only 
show the curious in these matters how they may 
make such a machine as that which is described Introduetor ? 
in detail in this chapter, and illustrated in the sketches accom- 
panying it. There is butMttle difference in principle between 
any of the forms of machin* used in the generation of dynamic 
electricity, since all depend upon the movements of magnets 
in front of or close to their armatures, or, conversely, the move- 
ment of armatures in fronl of magnets, to generate an electric 
current. When permanent magnets are used in their construction 
the machines are termed magneto-electric machines ; when electro 
ningnets or their armatures'* are made to move in each other 
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vicinity, and so create electric currents, the machines are termed 
~, dynamo-electric machines, because for distinction the 

Distinction 

between current is supposed to be generated by the motive 
electric and P ower imparted to the machine. But, as a matter of 

Smac'Ses. faCt ' there are few macmnes ™ ade that could be 

strictly named dynamo-electric machines, if indeed 
there are any that will merit the definition, since all depend on 




moving masses of iron, or movements of coils of wire in the pre- 
sence of masses of iron, for their usefulness, and it is well known 
^kstjrinci- that iron always holds some traces of residual mag- 
neto-electric netism. Without stopping to quote how or by whom 
machinery the p roperty was discovered and applied, I will say at 
once that it is well known,, that when a piece of iron is made to 
move within the influence of a magnet, the magnet makes, as it 
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were a snatch at the iron as it passes to and fro, and if the piece of 
Inductive in- iron has been wound with insulated copper wire, it is 
induce! cutf- known that an electrical impulse is sent through the 
rents, wire at every snatch of the magnet The force of 
this impulse is regulated by the strength of the magnet, and the 




FIG. 3* — section OF com, BOBBINS, full stzE. A t Brass Socket. 
B i & 2, Bobbins* C I ft 2, Cores, D, Insulated Spindle. 
E, Contact Spindle, F f Core-holder. 

number of convolutions of wire brought within its influence together 
with the rapidity of motion given to the iron, which is here named 
the armature. This property of magnetism to cause a current oi 
electricity in a coil of wire, is termed its " inductive influence," and 
the current of electricity thus caused, is termed an induced current. 
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All currents of electricity possess this property, and exert an in- 
ductive influence on all conducting bodies contiguous to those 
which convey the currents. 

We cannot stay now to inquire into the causes of induced 





FIG, 4,— CQKE-IIOLDEli. FULL SIZE. 




FIG, — END OF CONTACT 
SPINDLE. 



currents, the laws which govern them, nor their general character- 
istics; suffice it to say that the well-known property of magnets to 

induce a current of electricity in a coil 
of wire wound on an arma- TT .„. 

u tihsation of 

ture moved within their magnetic in- 

* ri ti fine nc e • 

mfluence.has been utilised 
in generating currents of sufficient in- 
tensity to flash through the muscles 
and nerves of human beings, and cause 
those peculiar sensations known as shocks. The magneto-electric 
machine now before us is therefore simply, a shocking machine, 

and its use is to send a series of 
electrical tremors through the 
body in such a manner as to 
relieve pain, and assist in curing 
disease. 

The most simple form of 
such a machine is shown at 
Fig. 1, where the machine is 
represented as enclosed in a 
mahogany box, fitted with lock 
and key : and at Fig. 2, which is a plan of the same, exhibiting its 
construction and arrangement* The machine itself Parts and 
consists of a permanent magnet M, 8 inches long, C o?SachSe 
with legs 1 inch wide tiy ^ inch thick; the price of and magnet, 
Such a magnet will be from 6s* to 6s. 6d* 5 and is best when bought 

C7 




FIG. 6. —CONTACT SPRING OF BREAK. 



* 



■ 



MAGNETO-ELECTRIC MACHINES AND MACHINERY. 




Cores. 



of makers or vendors, for an amateur cannot easily make one ; nor 
can he get such good results from a home-made magnet, The next 
most important parts are the two bobbins, B B, shown in section 
and in detail at Figs. 3, 4, 5, and 6, These are made up of the 
core-holder (Fig, 4), and F in section (Fig. 3) ; the cores, C 1 and 
C 2 ; the bobbins, B 1 and B 2 ; the contact 
spindle, E, the insulated spindle, D, and a 
Bobbins and piece of brass tube, a. The core- 

their parts. holder ; s shown m s j M . ^ ffiay 

be of cast iron, cast and turned to the form 
shown, or it may be made out of a piece of 
wrought iron of the form shown Fig. 8 ; in this 
case a driving pulley will have to be fitted on 
the contact spindle, and this firmly fixed in 
the core-holder. The cores are made out of 
best round iron inch in diameter, turned 

and screwed at one end and fitted 
into the core-holder, as shown. 
On these cores are fitted two bobbins of 
turned iron, i| inch in diameter, with the 
outer faces filed or planed true with the ends 
of the cores ; the inside parts of the flanges, 
and the bodies of the bobbins should be well 
covered with melted shellac, and then filled 
with No. 34 or 36 silk-covered copper wire 
regularly wound on. To do this, mount the 
Mode of bobbins inside end to inside end 

wSSf ° n a marLdre *> or on a spindle 

secured in a lathe ; small holes 
should have been bored near the edges of the 
inside flanges, and a small groove cut with the 
file for each of the flanges from the holes 
down to the body of each bobbin. The hole 
is to take the starting end of the wire, and the 
groove is to receive the wire ; therefore pass 6 inches of the wire 
through one of the holes, secure it there with, a drop of sealing, 
wax, lay the wire along the groove, then secure this also with*a 
streak of sealing-wax ; hold the wood bobbin (on which the wire is 
wound) on a piece of iron wire held in one hand, at the distance of 
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7 or 8 inches from the metal bobbin ; start the lathe, and allow the 
wire to guide the hand to and fro instead of attempting to make 
the hand guide the wire. Work slowly and guide it wjg«ajf 
on well, and when the first bobbin is full to within * ********* 
of an inch, fasten off the wire at one side with a bit of sealing- 
wax ; cut off the wire, leaving 6 inches as at starting, and proceed 
to fill the other bobbin in the same way. When the bobbins are 
fitted on their cores, it will be seen that the wires from the inside 
ends will be similarly placed as those on the legs of an electric 
bell magnet ; these two ends must be soldered together when the 
bobbin s^are in position on their cores. There now remains the 
other two ends to be disposed of. One of the ends must be 
stripped of its silk and soldered to the brass tube A, the other end 
must be stripped in a similar manner, passed through a hole in 
the ebonite plug at the other end of this tube, and soldered to the 

insulated spindle d. 

This tube, with its projecting spindles must now be described. 
It will be noticed that the core-holder F is bored through with a 
hole % inch in diameter. \ This hole must be tapped to * TvC be ana 
receive the screwed end of a piece of brass tube, JJg^J* 
length i£ inch, fitted tightly with a steel spindle E ; 
this is the contact spindle, the end of this spindle is shown in 
elevation at Fig. 5, representing the form to which this end must b e 
filed and turned. Having fitted the contact spindle into the tube, 
the remaining part of it should be filled up with a closely-fitting 
plug of wood, or of ebonite. If the body of the tube contact 
has been filled up with a wooden plug, it will be best ndnJjB and 
to fit an ebonite extension to the tube, as shown by 
the deeply-shaded part in the sketch. A hole must now be bored 
through the ebonite and into the plug to receive the end of the 
spindle T> ; this must be done with great nicety and exactly in line 
with the contact spindle, for if the centre of the two spindles are 
not exactly in line with each other an eccentric or wobbly motion 
will be given to the bobbins. It will now be seen insulation oi 
that this spindle is insulated from all other parts sp^e. 
by the ebonite and the wood. We must now bore a small slanting 
hole through the ebonite plug, bring one outer end of the wire from 
one of the bobbins through this hole ; bare the end of the wire, 
clean this and the spindle with a scrap of emery cloth, wind the 
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bare end of the copper wire around the spindle two or three turns 
and put on a drop of solder to secure it in contact. A strip of 
velvet passed around both coils and sewn between them will 
impart a finished appearance. 

Before we pass on, let us note that, if the wires from a galvanic 
battery were connected to the spindles d and E respectively, the 
Course of electric current must travel through all the wire on 
SSSfiL both b °bbins, and also that any current set up in those 

bin, n ,. 7- reS mUSt bC taken ° ff at D and E - When the bob- 
bins are fixed in position m the frame and we turn them in front of 

the magnet, this makes snatches at the bobbins and their cores 
. and causes a current of electricity to pass through the copper wire 
wound upon them. If now we allow the spindles to run in a metal 
frame, the current of electricity will circulate through that frame 
Economic- outside the bobbins ; but if we insulate one of the 

Spindles from the fr ame by a bush of ebonite or of 
( wood, we shall not get an external circuit for the 
electric current As we do not desire to waste the current in a 
useless round through the frame, we bore a large hole in the frame 
for the end of the contact spindle ; bush this hole with hard wood 
or w.th ebonite, and this again with a bearing of brass tube. The 
end of the spindle passes through this insulated bearing and runs 
in contact with the spring S (Fig. 2). By this arrangement there il 

tSf SSS. "° eXt " nal C L rCUit f ° r the el6Ctrical im P uIses ^t up in 
* the coils on the bobbins. To secure this circuit we 
have to add a separate part, consisting of a steel contact sprin- c 
the form and size of which are shown at Fig. 6. If this spring was 
made to press equally on the rounded end of the spindle we should 
again short circuit the coils through the frame, and fail to get anv 
external results. To avoid this, the end of the spindle is shapel 
as shown, F,g. 5 On referring again to Fig. 6, it will be seen hat 
whereas a round spindle would be always in contact with the 
"ElSEf *™6tb£ contact is avoided by filing the spindle 

on both sides, so that it only makes contact at each 

5? < ' SPindle ' C ° ilS are therefore 5h °rt circuited 

through the frame at every half-turn of the spindle, and this circuit 

is broken at every other half-turn. This answers to the make and 

break contact apparatus of street medical and shocking coils, and 

the effect is similar, the shocks being gi ven by the jerky impulses 
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sent through the 
spring s to the stud 
p (Fig- 2), and 
through the frame 
to the stud E every 
time contact is 
broken at c. As 
the working of the 
machine depends 
on the perfection of 
this part, I have 
entered most fully 
into details con- 
cerning ife The 
other parts may be 
described in a few 
words. 

The frame (fit- 
ted with a set of 
multiplying clock 

wheelsconsistingof 
a 2f m ch dri vin 



wheel, containing 
io teeth to the inch 
of circumference, 
/' gearing into a 

pinion Construction 

fixed of 
on the spindle of 
the driving pulley). 
This frame is made 
of brass, T V inch by 

Dotted h nes s how position of armature. beeasily formedout 

hAnf f of malleable bras^ 

the Dl ! n %° P *\ f l Tm SCCUred ^ set On reference to 

plan (Fig. 2 ) the following points will be observed in the form of 
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n the t ? \ b / a " e Section with a hole in it, will be seen 
n the top left hand corner; this is made to receive the shank of 
the handle or key, when the machine is not at work ■ on the same 
side of the frame, near the bobbins, the frame aim^ I t 
but does not reallv * n ^ v * - i_ appears to terminate, 

t aoes not reaJly do so, but is here turned aside between the le^ 
of the magnet, as shown at Fio- * ^ • uclween tne 

, . f ' , '7 n ai * ] g- 7, where it is seen to suDDort the 
end of the insulated spin lie • at thk tv.;^* i ^pporc rn e 

of brass «nrin« ' , P mt ' aIso > two tr ansverse lugs 

vi Drass spring out as supports for the 

magnet, which is here gripped between 

the lugs and a transverse supporting 

supports of piece of brass on the other 

n ame in box. • j , 

side, secured to the 

frame by a set screw, the curved part 

of the magnet being supported by 

another transverse piece, as shown 

Fig- 7- The frame is supported in 

the mahogany box by long screws at 

M and at c, and by the stud E, which 

is made to screw into the frame. The 

handle h is made to screw on the end 

of the driving spindle, this being 

Handle and screwed, and the shank 
S&RI of th * handle bored and 

tapped to receive it. By 
this device the motion of the ma- 
chine is always secured in the same 
direction ; since, should any person 
turn it the wrong way, the handle will 
come off! A piece of round leather 
boot-lace sewn with thread will serve 
for a driving-band. It will be noticed 

that a slot is cut in the contact spring c, and that it is secured to 
"SSL? th , e frame by a set screw I ^is is intended to facilitate 
the action nfT^i^ * ^ be aS WeU t0 state her * that 

handle, m J P r u Urrent ,S taken off b y m ^ns of two 

wbe ZltT ° f bmSS tUbC ' C ° nneCted ^ le ^ ths * 

The 2 T P r m f mSertGd in the h0les of the ^ * *** 
*he intensity of the current and the severity of the shocks may 
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be regulated partly by the speed of the machine, the "strength'* 
of the shocks increasing with rate of speed Apart 
from this, the strength of the current may be dimi- TSSSSS 
lushed or increased at will by actuating an armature 8hocka " 

A, by means of a knob and 
draw-bar k. A full- size 
sketch of the armature is 
shown at Fig. 9. It is simply 
a piece of bar iron, 33- inch 
by # inch by J inch, the 
bottom hole fitted with an 
iron pin £ inch in length, and 
the smaller hole in the posi- 
tion shown in sketch, fitted 
with a hook of i inch brass 
wire, terminating outside the 
box in a brass knob. The 
use of this armature is to act 
as a divider of the magnetic 
influence of the magnet ; that 
is to say, when the armature 
is placed upright against the 
magnet, as shown in sketches* 
part of the mag- , 

. ° Armature: 

netic influence its us© and 
is exerted on the how *° flt 
armature and part on the 
iron work of the coils ; but 
when the armature is pulled 
away from the magnet to the 
position shown by the dotted 
lines in the plan, all the in- 
fluence of the magnet is 
exerted on the revolving coils, 
and the strength of the current is increased. In fitting this 
armature we first bore a hole near the bottom of the box, and in 
the position marked t on plan, to receive the iron pin that forms 
the pivot on which the armature rests and moves. We then bend 
a hook on a p,ece of brass wire, pass it through the small hole of 
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the armature, and secure it there with a grip of the pliers in such 
a manner as to keep it from slipping out, but leaving it free to move 
in the hole; then bore a hole in the end of the box for the brass 
wire to pass through) cut it off when the armature is in the position 
shown on plan, and fit a small neat brass knob to the end of the 
wire. 

The machine from which the plan was sketched was enclosed 
in a neat mahogany box, 10 inches by 4^ inches by 5 inches, fitted 

Dale's mag w ^ ^ oc ^ ant ^ key. Such a machine was formerly 
neto-eiectrio sold by Mr, Dale, of 10, Cur sitor Street ^ London % £-C, 

machines* t- * 1 

for i8s. od.j and any part of the same was supplied by 
him to amateurs wishing to make up machines. 

Manufacturing electricians used to make, and in all probability 
still make, a speciality of this class of electric machines, in various 
Small mag- forms, from a pocket machine at £i 9 to parlour 
machines and machines at £1 13s,, and large machines for bazaars 
pamphlet an( j f a ; rs at j j g U i neas , With any of these machines 

the makers usually supply a pamphlet showing how to apply the 
current for medical purposes. 

So much space has already been taken up in describing the 
manufacture of this machine and the principle of its construction, 

Aptrtiostion as to preclude any remarks on how to apply the 
° f medicai f ° r current to give relief from pain. I must, therefore, 

purposea* hoij back several sketches of appliances, and instruc- 
tions for using them, much to my, and perhaps the reader's, regret. 
I will merely say at present that the current from such a machine, 
when properly applied, has often relieved pain in cases of neuralgia, 
rheumatism, gout, headache, and kindred disorders, and thus proved 
a useful auxiliary to other means for effecting a cure. 
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CHAPTER L 

THE PARTS ; WHENCE PROCURED, HOW MADE, AND HOW PUT 

TOGETHER, 

Introduction — Small glass cylinder — Stick as axis for cylinder— Caps on axis- 
Fixing caps in position — Handle for turning cylinder— Completion of handle 
— Cushion to rub against cylinder — Flap of silk and leather— Stand for 
cylinder — How to make the uprights — Stand for cushion — Brass knob and 
nut — Peparation of prime conductor— Pins in conductor — Wire and ball for 
conductor — How to fix conductor — Electrical amalgam — Application of 
amalgam — Caution respecting cylinder and conductor— Caution respecting 
points — Tightening cushion : why necessary — Renewal of preparation of 
machine — Storage of electricity — Leyden jar : how to make it — Brass ball for 
jar — Wooden stopper — Making machine work — Transmission of electric 
fluid— Discharging rod — How to use the rod — Points requiring attention to 
insure success — Plate machine, 

ITHOUT any preliminary or unnecessary remarks, I 
shall at once proceed to show how any- Intro duo- 
one may make* at a moderate outlay, a tion# 
small electrical machine, by means of which a severe 
shock may be sent through as many as a dozen or 
more people who are joining hands. 

The first thing necessary to be procured is a small cylinder. 
One about 6 in. long by 3§ in, in diameter may be bought of any 
dealer in chemical and experimental glass apparatus gmall glaBS 
for about is. 8d., and larger sizes at proportionate cylinder, 
prices. I may here mention that such dealers generally supply any 
or all of the requisite articles for the machine about to be de- 
scribed. Having procured the cylinder, take a square stick of 
any hard wood about one foot long, make it round e ^ aB a3t ts 
like an ordinary blacklead pencil, only rather wider in for c y imder * 
diameter than the holes at either side of the cylinder into which 
the stick will have to be placed. Try if the stick will go into the 
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holes ; if it be too large, reduce the size slightly by rubbing it with 
glass-papen Again try if it will go into the cylinder ; if still too 
large, rub a little more with glass-paper, but be very careful and 
not make the stick too small, for it must almost be forced into the 
cylinder, for when the machine is in work the stick will act as a 
pivot for the cylinder to turn on, and consequently must fit so 
tightly that it would be almost impossible to move it 

Assuming the stick is in the cylinder, with an equal length being 
left on each side, and that it is so closely fitted that it will not 
move, the next thing to be done is to make two caps, To do this, 
take a square piece of hard wood about £ inch larger than the 

Cape on axis, outside measurement of the necks of the cylinder, 

round off the corners with a rasp or file until you have 
made it look like a lead pencil uncut— that is to say, a roller with 
each end quite flat. Now mark on one of the flat ends the size of 
one of the necks of the cylinder, and hollow out the part so 
marked with a chisel or other convenient tool as deep as the neck 
of the cylinder. Having done this, bore a hole through the 
remainder of the block, but large enough only to allow the end of 
the centre stick to pass through easily. Next round well off the 
comers which are to be outside or furthest from the cylinder, fat 
in all electrical machines there must be no corners nor rough edges } 
everything must be well rounded of. This is an important con- 
dition far the successful working of the machine, and I would call 
the reader's particular attention to it. 

If this cap now fits well, make another exactly similar for the 
Fixing caps other side of the cylinder, and in order to keep them 
in position. in a fixed positioilj a smaI1 French nail (the head of 

which has been previously taken off) may be driven through the 
cap into the wooden stick. 

The next operation will be to make a handle to turn the 
cylinder* For this purpose take a piece of hard wood, say 5 inches 
Handle for Ion S> I J inch wide, and \ inch thick when finished ; at 

cyunder ° ne °* ** ie en< ^ s cut a s ^ uare hole just large enough to 

admit one of the ends of the sticks which runs through 
the cylinder, which of course will have to be squared to the same 
size, and about f inch down, so that when the handle is put on the 
cylinder, there will be £ inch of the squared stick extending beyond 
it. Make the handle fit as accurately and as tightly as possible, tor 

'78 j 



CONSTRUCTION OF HANDLES. 




if it should get loose while 
working the machine, it will 
cause endless trouble and 
annoyance* When the handl e 
is on, drive a headless French 
nail through the centre 
stick outside the handle, 
and as close to it as possible, 
so as to prevent it coming off 
again. 

To complete the handle, 
take a roll of wood ij inches 
in diameter and 4 inches 
long, round off the ends, and 
fit it with an ordinary screw 
to the other end completion 
of the part al- of hamUe ' 
ready joined to the cylinder* 
It is of course needless to say 
that this part of the handle 
must not be fixed f but must 
move freely, so that when it 
be turned, the part intended 
to be held will be immovable 
in the hand. The sketches 
in Fig, 1 will help to explain 
more clearly the foregoing 
instructions. 

The next thing to make 
is a cushion to rub against 
the cylinder, For this take 
a piece of wood £ inch thick, 
one inch wide, and in length 
about 1 inch less than the 
sides of the cylinder. Cut 
a notch in the middle of the 
back of it, or, to speak more 
strictly, in the middle of one 
of the flat sides, and let the 
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notch be about * inch deep, and nearly an inch wide. This piece 

Cushion to of w °0d 

"SS* ! sshown 

in Fig. 
2. Then cut a piece 
of coloured thin lea- 
ther (which may be 
obtained of any boot- 
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FIG. 2.— FOUNDATION OF CUSHION, 



maker) one inch longer than the wood, and as wide as to go nearly 




*IG. 3.— THE CUSHION WITH SILK FLAP. 

round it. Glue this leather at the top and bottom of th» a 

that it passes over the front of the wonH T T I W °° d ' 50 

irum ot me wood loosely, that it may be 




FIG. 4— FOOT-BOARD OF STAND FOR CYLINDER- 

^terwards stuffed with wool or hemp, and form a soft pad. At the 
same time fasten up one end of the cushion by gluing^he leather 
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carefully and smoothly over it. Now let the glue dry, and when 
dry, stuff the cushion by the aid of a wire, and fasten up the other 
end with glue. It will next require a flap of leather pi ap of silk 
and silk. Decide now which end of the cushion shall ^(Heather, 
be the bottom, and that being fixed upon, glue a second piece oi 
leather of the exact length of the cushion upon the first piece 
along the lower edge, but not anywhere else, observing that as the 

first leather had its coloured 
, side outwards, this piece must 

have its coloured side in- 
wards ; and consequently it 
is the coloured side which is 
glued down to the former* 
When glued on, cut the flap, 
so that its upper edge shall 
reach exactly to the top of 
the cushion, and no further, 
then glue a piece of thin sar- 
senet along this upper edge, 
it will be wanted of the same 
width as the leather flap and 
four or five inches long. // 
must be of a black colour \ and 
ought not to have the edges 
hemmed. The cushion com- 
plete is shown in Fig. 3, 

Now that the cushion is 
made, it will be well to make 
the stand for the Btand for 
cyl inder, and one cylinder, 
also for the cushion. For 
the first of these, procure a 
piece of flat smooth wood, about 1 foot long and 9 inches wide, 
and an inch or more thick, round well off all the edges and corners 
and make them quite smooth, then measure the length how to make 
of the cylinder with its caps on it along the piece of the uprights, 
wood {measurement from the end of one cap to the end of the 
other, take no notice of the stick extending beyond), which I will 
suppose to be indicated by the dotted lines G, G in Fig. 4, On the 
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outside of these marks cut two holes as at H 5 h, quite through the 
board. Then make two uprights as in Figs, 5 and 6. The lower 
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FIG, 7. — FOOT OF CUSHION. 

end of each is to fit into the holes h, h. These uprights may be 3 
inches above the board when fixed into their places. The upper 
end of one of them (Fig. 
5) is to have a hole bored 
in it with a centre bit just 
slightly larger than the 
end of the pivot of the 
cylinder, which will re- 
volve in the former. The 
end of the other upright 
(Fig. 6) is to have a slit 
made down the top (stop- 
ping on a level with the 
hole in the other one) for 
the handle end of the 
cylinder to rest in, where 
it is to be secured by a 
piece of wire passed 
through the upright when 
the cylinder is in its place 
—this wire is seen at 1 
Next procure a strip of 
hard wood i\ inch wide, 

£ inch thick, and 3 inches long, cut a hole along one part of it as 
at K (Fig. 7), and drill a hole h inch in diameter at another part, 
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COMPLETE. 
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as seen in the sketch at L, then get a flat 
piece of wood, cut it at one end to fit the 
hole L, and gradually make it thin to- 
wards the top end, and let it be of the 
same length as the uprights* Glue it to 
the foot-piece as seen at M> stand for 
and glue the cushion on the cushion, 
upper end of it, at such a height as that 
when the foot-piece is made to rest on the 
board of the stand, the centre of the 
cushion shall be of exactly the same 
height as the pivot holes in the uprights. 
Now put the cylinder in its place, and 
place the cushion against the side of the 
cylinder, resting its foot upon the stand, 
and letting the handle of the cylinder be 
to your right hand with regard to the 
o cushion, To be quite clear on this point, 
U supposing the cylinder to be lengthways 
in front of you the side for the cushion is 
the one nearest you, the side furthest from 
| you (as we shall see later on) is for the 
T prime conductor. Well, having put, as 
just stated, the cushion in its place, see 
J % that it is of the right height to reach the 
1^' most projecting part of the cylinder, and 

that it is of the same distance from each 
end of the length of it Hold it so close 
as to touch the cylinder, and make a mark 
on to the board, close to the end of the 
s li t _ sa y at about the dotted lines at N N. 
Bore a hole at this mark, Brass knob 
and get a brass knob from andnut - 
any ironmonger's, which has a nut to fit 
the screw of it. The larger and stronger 
this knob is, the better. I may mention 
that the length of the screw must be k 
inch shorter than the thickness of the 
cushion foot, and the foot -board together. 

83 



S 

Q 



I— 1 

Si 



ROW TO MAKE A CYLINDRICAL ELE CTRICAL MACHINE. 

Let the nut into the under side of the footboard, to the depth of 
i inch. Now put the complete cushion (Fig. 8) in its place, and 
putting the screw in the proper hole, it will hold the cushion 
securely, and the silk flap will go over the top of the cylinder. It 
is almost needless to mention that the width of the upright for the 
cushion is to be exactly that of the notch at the back of it as 
previously described. ' 

The next thing to make and fix is the prime conductor (Fig. 9.) 
F or this purpose get a round piece of wood about 6 ins. long and 2 
Preparation ins - in diameter, cut and file the ends round, and cover 

the Wh0le with tinfoil, which may be bought 

of dealers in glass apparatus at about 2\&. per 
ounce, stick it on the conductor with ordinary paste, cut" it into 
notches at the ends, that they may lay over one another without 
any unevenness, let it get thoroughly dry, and then rub it all 

P %uSor° n * Sm °° th Wkh the handle 0f a knife * Now make a line 
■ along the conductor rather towards one end of it and 

with a very fine bradawl make small holes along it about 4 inch 
apart ; into these holes drive pins (the heads having been pre- 
viously taken off), leaving the points standing outwards about A 
inch. The sketch given in Fig. 9 will indicate this more clearly 

There may be about fifteen pins, and the whole length of the 
row may be rather less than the length of the cushion. Hold the 
conductor to the cylinder on the opposite side to where the cushion 
is, so that the end P may be to the right hand (looking at the side 
where there is no cushion) or the end removed from the handle- 
Wire ana Jt wiI1 not be seen that the conductor, owin°- to the 
co b XcTor. pins bein S nearer to ™e end than the other, will not 

be exactly in the middle of the stand. When it is so 
held, mark that which is the under side, the pins being towards the 
cylinder, and in that under side bore a hole, | inch or more deep 
and the same in diameter, the position of the hole is to be equally 
distant from both ends of the line of pins. There is to be a small 
hole made at the longest end of the conductor, and a thick wire 
with a ball at the end of it, driven into it as represented at O The 
ball and wire at the end of the conductor may be of any sort of 
metal, brass certainly looks best, but a piece of iron wire with a 
bullet at the end of it, answers every purpose. Brass balls may be 
bought I inch m diameter for 3d., or £ inch for 4d. 
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The conductor is now complete, and ready to be fixed, To do 
this, buy a glass rod, half-an-inch or less in diameter, How to fix 
and as long as the uprights, which will be about nine ooaduotor. 
inches. This may be bought at the rate of is, per pound. Simply 




say you want nine inches of glass rod, of half-an-inch in diameter, 
and that quantity will be weighed and charged for accordingly. 
Having procured the rod, roughen both ends for about half-an-inch 
on a grindstone, or with a file, and cement one end into the hole 
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underneath the conductor, and when fluid hold the conductor in its 
place, so that the row of pins is in the middle between the two ends 
of the cylinder, and mark where the glass rod touches the foot- 
board, bore another hole here, and cement the rod in, at such a 
height as that the points shall agree with the pivot and cushion, 
observing also that the hole should be so far back, that when the 
conductor is fixed, the pins shall be about a quarter-of-an-inch from 
the cylinder itself, Lastly, cut off the silk of the cushion in a line 
just above the row of pins. The machine is now complete, and if 
all the parts have been correctly made and put together, it will 
have the appearance shown in Fig. 10. 

Assuming all this is perfect, there is no doubt that with a little 
contrivance and good management sparks an inch long may be 
obtained. To put it in work, it will be first necessary to make or 
Electrical procure a little electrical amalgam. It can be made 
amalgam. as f 0 n ows : Get a piece of zinc about as large as a pea, 
melt this in a pipe, and add to it one ounce of quicksilver, which 
will be about five times as much. Stir them together, and when 
properly united, pour them on the hearth to cool ; when cold, the 
mixture will be soft enough to break into pieces with the fingers, 
or to cut easily with the knife. This is ready for use, and will keep 
any length of time. If it is thought too much trouble to make the 
amalgam, it may be bought ready for use for 6d. per ounce, which 
nuantity will go a good way. 

To apply the amalgam, take off the cushion, grease w^ith the end 
of a tallow candle that part of the flap which goes next to the 
Application cylinder (the leather part, not the silk), taking care 
of amalgam, ^at it is applied very sparingly. Then spread a little 
of the amalgam over the flap which has been greased, till it pre. 
sents a bright metallic appearance— this amalgam should extend 
from one end of the flap to the other, but not be above half-an- 
inch in width along it. 

This being prepared, put the cushion in its place, and then let 
the whole machine be well dusted, and then placed before the fire 
caution so as to get gradually and equally warm all over 
J^^Sa Dust k wdl a S^n, lest any ashes should have settled 
conductor. on any p art 0 f and do this with a very dry warm 

silk handkerchief or a piece of flannel (the former. is preferable), 

and particularly see that the ends of the cylinder beyond the cushion % 
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and ike leg of the conductor are quite dry. This is most important 
as a little breath even on the rod of the conductor would cause a 
failure. Fasten the cushion, so that it presses slightly against the 
cylinder, remove the whole from the fire, and place it on the table 
If the machine be in good order, any person who holds his knuckle 
to the ball of the conductor will receive a spark, immediately 
afterwards another and another, so long as the machine is 
being turned. It would be a good plan to have a clamp to the 
machine to fix it to the table, as then your left hand would be at 
liberty. 

All the above directions are very plain, and the whole manage- 
ment of the machine so very easy, that with little care * 
one is sure to succeed. But in case a difficulty is rfSing 
encountered, the following caution must be attended points * 
to. The electric fluid is always collected by a point ; that is the 
reason that a row of points is along the conductor 'towards the 
cylinder- -to collect the fluid from the cylinder. Any point, there- 
fore, which is near the cylinder draws the fluid away from it To 
a. small degree other shaped bodies draw off the fluid, so' does 
flame, therefore care is required when the machine is in use that 
nothing stands near it-no candle, no pin, nor needle, no fin-er 
pomted at it, no noses, no sticks, no elbows. Take care also that 
there is no dust upon the machine and no filaments of threads, for 
every particle is a point drawing away the fluid. And 
above all things, see that the cylinder and conductor cSknfwify 
leg are perfectly dry; therefore, do not breathe upon nece£Bar ^ 
them, and for so small a machine it would work the better if it 
were warmed every quarter of an hour or so. If the handle turn 
very easily, tighten the cushion, for it should be so tight that there 
is a good pressure between the cushion and cylinder, and yet not 
so much as to cause any part of it being broken. If on turning 
back the flap, the cylinder looks very greasy and black with worn 
amalgam, it is because there is too much tallow ; it must be 
wiped clean, which may be done without disturbing any part of the 
macnine, by holding a silk handkerchief against the cylinder when 
being turned round. If the handle turn stiffer after a few turns 
tfian it did at first, it shows that the machine is in good working 
order ; if it turn too stiff, however, warm the flap and wipe the 
cylinder \ if this will not do, loosen the cushion. When the 
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machine ceases to act, certain it is lhat some dust or damp is 
clinging lo it, perhaps a hair. 

These cautions being observed, success is certain. I may 
mention that the same preparation of the machine is required 
every time it is used, except 
that much less tallow and 
amalgam arc wanted after 

Benewaiof the first applica- ? IB 

preparation lion of it, as 
of machine, . * 

what is on be- 
fore need not be lemoved, 
unless it has got very eld 
and hard. In larger machines 
than the one described, a 
chain is usually hung from 
the cushion to the table, as 
the fluid is more easily col- 
lected from the ground. This 
addition to a small machine 
would do no harm ; on the 
contrary, it might work the 

better for it* When the machine is laid aside, always loosen the 
cushion. 

The machine is now quite complete, and will collect and pro- 
duce electricity ; but now comes the p 
question of storing it — that is to say ? 

Storage of of collecting a sufficient 

electricity, quantity for producing strik- 
ing effects. For this purpose a Leyden 
jar is necessary. These of course 
can be bought, with polished mahogany 



FIG. II. —GLASS JAR 
COVERED WITH F lltf 

foil. Doited line 
shows height of foil 
inside. 



FIG, 12.— 
. BRASS 
BALL, ROD 
AND CHAIN. 




FTG. 13.— WOODEN CAP 
FOR JAR. 



the following prices t 
234 pints 



tops, brass rods, and balls complete, at 

Capacity . * . £ 1 i\ 

Price 2/6 3/6 4/6 5 '6 7/- 9/6 each ; 

but it may not be convenient for some who will interest themselves 
in making an electrical machine to lay out five or six shillings in 
purchasing one, and this would be necessary to obtain one of the 
size I would recommend, vi2., 2 pints. I will therefore describe 
how one may be made for certainly not more than 2s. Procure a 
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glass jar (Fig. n), say about 4 or 5 inches in diameter and of 2 
pints' capacity, being careful to see that there are L6y a<mjar: 
no flaws nor cracks in it, as it would then be no good tawtemito 
whatever* Next cut a piece of tinfoil the width of 
about three parts the height of the jar and rather longer than to go 
round it inside. Decide which is to be the bottom, and then cut 
little notches all along the length of it. This tinfoil is to be pasted 
with ordinary paste inside the jar, the notched part being arranged 
very neatly and evenly at the bottom. Now cut a disc, also in 
tinfoil, the size of the jar, or perhaps rather less, paste it, and fix 






FTG.14. — CAP, WITH 
BKASS ROD, ETC* 



FIG. 16,— DIS- 
CHARGING ROD* 



FIG, 15— JAR COM- 
PLETE, READY FOR 
USE. 



it to the bottom of the jar inside. See that this, as well as that 
which has been pasted on the sides, is all perfectly even — no 
rough edges nor ridges* Now cut another piece of tinfoil, rather 
longer than to go round the jar outside^ and in width, to be when 
pasted on the jar about a quarter of an inch above the Brass ball for 
tinfoil inside. Notch again the bottom side, paste it 3ar ' 
carefully and evenly on the outside of the jar, and turn the notched 
part nicely under the bottle. Lastly, cut another disc rather 
smaller than the bottom of the jar, and paste that on. Now get a 
brass ball (Fig. 12} such as you had for the prime conductor, and 
fix it to a brass rod about six ins, long, at the other end of which 
drill a hole and insert the end link of a brass chain about nine 
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inches long. Next cut a disc of \ inch wood, exactly the size to fit 
pretty tightly inside the top of the jar, and then cut another, one 
inch larger in diameter, smooth the edges well, and glue one on the 
Wooden top of the other (Fig, 13). When it is done it \yilt 
stopper have the appearance of a kind of stopper for the jar. 
When the glue has thoroughly dried, bore a hole in the middle of 
the stopper of the exact size of the brass rod, which latter is to be 
inserted in the former (Fig. 14). Put the wooden stopper of cap 
on the jar, letting the chain go into the jar and rest on the bottom, 
and leaving the brass ball outside (Fig. 15). The illustrations 
given in Figs. 1 1 
— 15 wilt clearly 
explain the fore- 
going instructions* 
The next thin** 
is to make it work, 
or to charge it, 
To do this, be 
very careful to 
warm it, and let 
the uncovered 
part of the glass 
above the tinfoil 
be wiped clean, 
and perfectly dry* 
Then, having the 
machine in per- 
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FIG, 17. — DISCHARGING ROD IN OPE NATION. 



Making 
machine 
work. 



feet order, bring the Ley den jar to it, and let the 
brass ball rest against, or be very near to, the ball of 
the conductor, turn the handle (in an outward 
direction, of course, having the handle of the right hand), and 
sparks will pass from the conductor to the jar, which will be 
seen when the jar is held a little way off. 

When, say, you have turned the handle ten times, remove the 
jar from the machine by catching hold of it as near the bottom as 
possible on the tinfoil. Remain holding it> touch the brass ball 
Avith the knuckle of the other hand, and you will, the instant you 
do this, receive a shock which will pass through your two arms, I 

dare say, with only ten turns of the machine, the shock will not be 

go 
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disagreeable; next time give fifteen turns, and then twenty, and so 
on, and you will soon get to know what strength of Transm i 8 . 
shocks so many turns will give, You may give a 8i t ^ c °g^ G " 
dozen people a shock all at one time ; let them join 
hands, and let the person at one of the ends take hold of the 
outside coating of the jar, and the person at the other end touch the 
ball quickly with the knuckle. I say quickly ; for if it is done slowly 
it will draw off the fluid without producing any effect I may men- 
lien that all will feel the shock equally ; the ones touching the jar will 
feel no more than those in the middle of the circle. To pass the 
shock through twelve persons I would try forty times to begin with. 

Perhaps some of my readers would rather not receive a shock, 
and yet would be equally desirous of seeing the effect ; Discharging 
this they can do by using what is termed a discharge rod " 
ing-rod, It consists simply of a piece of stout brass wire, bent as 
shown in Fig, 16 and having a brass ball fixed at each end : — 

When the jar is charged with the fluid, hold it with the left hand 
as near the bottom as possible, and take the discharging-rod in the 
other; keep one ball of the said rod touching the outer how to use 
coating of the jar, and let the other ball of the rod the rod. 
touch the ball of the jar, and immediately before the two balls 
touch, the fluid will pass in the form of a spark. This operation 
will be readily understood by the foregoing engraving. At H will 
be seen the position of the rod before discharging, and at I the 
position when in the act of being discharged; G is the spark 
passing from the jar to the rod. In this way the jar can be dis- 
charged without anyone feeling the effect of the shock. 

I will now briefly repeat my cautions, which must be rigidly 
attended to in order to insure success. First, let the machine and 
jar be quite free from dust, hairs, etc. ; secondly, let them be 
thoroughly warmed before the fire before using, so as points re- 
to get rid of any moisture that may be on either, ftt ^^f ta 
though, perhaps, invisible to the eye. And in wishing inBU £* B 
success to every one who may attempt to construct 
an electrical machine from the foregoing instructions, I may 
mention for their own satisfaction that a shock from a machine of the 
size described will never injure anyone if passed through the arms; 
but, at the same time, would advise them to be careful not to experi- 
mentalize on persons of weak hearts or of delicate constitutions. 

9i 
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The form of electrical machine that we have been considering 
takes its name from the construction of the glass that is brought 
into contact with the cushion rubber in order to obtain a supply of 
electricity by friction. There is, however, another form of machine 
Plate known as the plate machine, and so named from the 
tuacfcioa, f act l j iat the gj ass vvhich i s used in its construction is 

a plate or disc of thick plate glass, and not a cylinder. This disc is 
mounted on an axis passed through its centre, and supported on two 
uprights raised on a fiat stand, and connected at top by a transverse 
piece of wood of the same breadth and thickness as the uprights. 
Contrivances aie fitted to the foot of the stand, and to the bar that 
tcnnects the uprights for the support of two pairs of rubbers or 
cushions, between which the disc is made to revolve, and which 
aie so brought into contact with the plate as to press firmly against 
it. Flaps of oiled silk are attached to the rubbers, each passing over 
about a fourth part of the circumference of the disc, and pre- 
vented from being displaced by the friction of the plate when in 
revolution by threads which are attached to fixed points in the 
machine. The prime conductor, insulated by means of a glass 
stem in the same straight line with the axis, but on the opposite 
side to the handle by which the axis is turned, is in the form of an 
arc having at the ends arms with knobs close to and parallel with 
the face of the disc, by which the electricity evolved is received, 
and another knob at the end of a short arm proceeding from the 
centre of the arc, also in the same line with the axis and insulator, 
from which the electricity is received and stored in a Leyden jar, 
as in the cylindrical machine* 
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CHAPTER I. 



REQUIREMENTS FOR BUILDING COIL, AND PRINCIPLES OF 

CONSTRUCTION. 

Induced currents of electricity— Induction coil : how divided — Cost of making 
by amateur — Requirements for building coil — The reel : its ends — Core of reel 
— Cooling heated core, and dressing with paraffin — Putting ends on core — 
Covering core with paper — Winding on primary wire — Winding on secondary 
wire — Testing circuit — Soaking coil in paraffin — Casing coil with velvet- 
Base for coil — Hammer or contact-breaker — Platinum foil — Soldering 

fit 

platinum foil— Where to procure contact-breakers— Binding screws for base 
— Screwing coil to base-board — Attachment of spring — Connection beneath 
the base— Soldering wires to binding screws — Prices of wire, etc. — Handles 
for coil — Connection of battery with binding screws — Coil with regulating 
tube and condenser— The core; how to make it — Construction of base— 
Fi xing the core~^Mode of making condenser — Soldering tin foil in condenser 
— Board to secure condenser, 

MONG the many subjects which claim an amateur's 
attention in spare time, is electricity. This word is 
derived from the Greek word elektron amber, as its 
properties were first discovered in that substance 
Electricity is of two kinds — frictional and voltaic ; but 
it is with voltaic that we have to deal just now in the x , 

J Induced cur 

form of induced currents. Induced currents are ob- rents of 
tained from magneto-electric machines, coils, etc, by electricit y- 
the making and breaking of the circuit many hundred times in a 
minute. We are greatly indebted to Messrs, Ruhmkorflf, Hearder, 
Bentley, and others for the perfection to which they Ind tion 
have brought the induction coil The coil may be used coil: how 
for medical and scientific purposes, and also for amuse- 
ment. The coil is divided into two parts, the primary and secondary 
In some of the scientific coils used for spectroscopic and othet 
work, the secondary wire is 280 miles long. Much amusement can 
be got from a small coil, such as I am about to de- Cost f mak ^ 
scribe ; and I do not think the amateur will grudee the inghy ama- 

teur. 

money and time spent on one when he has finished iL 

It may also be used for medical purposes in cases of rheumatism, in 
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FIG. I, — END OF REEL, 

A, Hole for Core ; B t B, Holes 
for ends of Primary Wire. 



the same way as the magneto-electric machine* Many cheap coils 
are being sold now-a-days, but I would not advise the amateur to 
buy one* A really good one costs from 15s. up to £g or £10, 
according to size ; but you can make a small one, with condenser, 
etc., for about ios,, which would cost 
15s. or 2os, to buy it, I will now pro- 
ceed to describe the coil 

The requirements for building such 
a coil are not many, and are within 
the reach of every amateur. To make 

Beqjiixe- one °^ ^ e dimensions I 
meiits for am about to describe, you 

building coil, ,„ . \ 2 

will require one oz, of No, 
24 cotton-covered wire, and two or 
three ozs. of No. 36 cotton or silk- 
covered wire (silk, of course, being 
preferable but more expensive), a bunch of annealed iron wire, 
a small piece of platinum foil and wire, four binding screws, 
and some pieces of brass, a piece of mahogany for a base-board 
and for ends to the reel, and a few tools, among which may be 
mentioned a soldering iron. Having given a general idea of what 
will be required, I will now proceed 
to give instructions for the manu- 
facture of — 

1. A coil without a regulating 
tube, 

2. A coil with a regulating tube and 
ccndenser. 

And, first of all, in order to make 
the reel, take a piece of mahogany 
about £ in, thick, and cut out two cir- 
cular pieces ij in, in diameter, as in 
Figs, 1 and 2. A hole is now drilled 

through the centre of these pieces § in. in diameter ; this is to allow 
The reel; its the core to pass through them. Two smaller holes 
• ^ are drilled in one of the pieces with a fine bradawl near 
the hole in the centre, as in Fig. i ; the second one being only 
about £ of an inch from the centre hole. Two holes are also 
drilled in the other piece, as in Fig. 2. The next part is the core ; 
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FIG. 2.— END OF REEL. 

A, Hole for Core; B, B, Holes 
lor eode of Secondary Wire 



METHOD OF MAKING CORE 






it consists of a bunch of annealed iron wire cut into pieces i\ 
inches long. When you have cut them, straighten them out Now 
get a brass tube f inch bore^ and pack all your wire c ^ 
into it, leaving about | inch of the ends projecting out 
of the tube ; now take a piece of brass or very thin iron wire and 
wind it tightly round the end of the wires, always pulling them 
further out of the tube and winding until they are out altogether, 
when you must tie the wire you were winding with. Cooling 
It does not matter how they are wound if it is wound aild dressing 
tight enough. Now take a file and file the ends of with paraffin, 
the core even and smooth. After you have done this, place the 
core, wire and all, in the fire until it is red hot (about 15 minutes 

will do), then lift it 
out with the tongs, 
and bury it among 
the allies beneath 
the grate, and leave 
it there to cool of 
itself- Don't put it 
amongst water or 
you will spoil it. 
When cold, take it 
from among the 
ashes (it will take 
two or three hours 
to cool), blow off 
any dust which may be upon it, give it a gentle heat, and put it into 
your dish of melted paraffin. This is not the paraffin we burn in 
lamps, but a white substance resembling wax, and can be procured 
at any electrician's, or if you cannot get it, procure two or three pure 
paraffin candles and melt them in a dish. After it has been among 
the paraffin for about three minutes, take it out and putting ends 
allow it to drip above the plate. When it is hard you on core ' 
may proceed to finish the reek Take off the wire you had round 
the core (it should now remain in a solid lump, like a small iron 
rod) and fix on the two pieces of wood, one at each end ; they 
should go on tightly if properly made ; leave about i% inch of the 
core projecting at one end : the other end should be flush, as in 
Fig. 3* Now take a piece of foreign note paper and cut a strip 
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FIG f 3. — FORM OF REEL WHEN ENDS ARE PUT ON 

COKE. 

A A, Core ; B t B t Mahogany Ends. 
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exactly the length of your core between the two ends. Then roll 
two thicknesses of it round the core, and cut off the rest. Melt a 
Covering llttle paraffin over it to make it adhere tightly and rub 
TapS h off the excess with a hot wire (not too hot). You will 

now be ready to wind on the wire. Take the thickest 
IS o. 24, and pass about 3 inches of it out through one of the holes 
( in the end where the core projects, and proceed to wind on the 
rest of the wire round the core (above the paper) in a close, even 
layer. \\ hen you reach the other end, wind it back above the first 
layer until you reach the end at which you started, then push the 
end through the other hole, and draw it out tightly. There will be 
Winding on a g ood bit of your wire left, but it will be useful Cut 
primary the wire off about 4 inches from the end of the reel, 

and the primary wire will be complete. Melt your 
paraffin again, and with a hot spoon pour it over the wire you 
have wound until the cotton is saturated. Take your paper a-ain 
and put one thickness over this wire, covering it completely, give 
Winding on !t a rub with a h °t wire, and it will adhere to the 

secondary paraffin on the first ^ q{ ^ ^ ^ ^ 

secondary wire, No. 36, push 4 inches through the 
hole in the opposite end to the primary wire, and proceed to wind 
as you did the primary, always turning at the ends, until the whole 
of it is wound on except 4 or 5 inches, which you pass through the 
hole above the other. The ends thus left are for connections. As 
testing cir- this wire is very fine, great care must be taken in the 

winding, as it is easily broken. As an example of how 
to wind on the wire, it is wound in the same way as a reel of coton 
thread. Before proceeding further, you should see if the circuit is 
complete by joining the secondary wires to a battery and galvano- 
Soakingcoii meter, but take care you don't break them oft. Now 

n paraffin. meU youj . paraffin ag beforCj ^ ^ ^ fa & ^ ^ 

jug, or anything in which it will cover the coil completely over 
head. Now place your coil in it, and set it down by the fire in a 
pretty hot place (not too hot for burning the cotton on your wire), 
Casing coil and allow the paraffin to soak into it for about an hour' 

then take it out and allow it to drip. It should drip 
off the ends altogether, but if any remains scrape it off; but take 
care , and dan't cut off the ends of your wire, as the fine wire is ' 
very brittle. You now get a piece of velvet, any colour, cut a 



MODE OF PROTECTING WIRE. 



strip the exact length of wire between the ends (as you did your 
paper) and as long as will go round the wire. It is then drawn 
tightly round and sewn with a thread. The velvet is to protect 
the wire and give a more finished look to the coil. 

The next part to be considered is the base. It is made of | 01 
f inch mahogany, and is 4 inches wide by 6 inches _. ^ „ 

1 ^ J Ease for coil. 

long ; it is nicely planed, sand-papered, and polished ; 

and, if possible, should have a nice ornamental border of about 

half an inch all round it. 

The hammer, or contact-breaker, will next engage our atten- 
tion ; it may consist either of a piece of sheet brass i| inch long 
by I inch, tapering up to i inch at the point, as in Hammer or 
Fig, 4, filed very thin so as to give it a spring, or a contact- 
piece of the mainspring of a watch about £ inch wide 
and i£ long. To the small end of this spring is soldered a piece 
of soft iron ? ^ inch in circumference and about ^ inch thick) as 




FIG, 4.— HAMMER OR CONTACT- 
BREAKER. 




FIG, 5, — HAMMER COMPLETE, 



shown in Fig, 5, A good substitute is the head of a nail such as 
is used for shoeing horses, cut off and filed to about £ inch in 
thickness. 

Your platinum foil will now be required. Cut off a small bit 
about I * nc h square, and solder it to the back of the spring 
about £ inch from where it joins the iron. You will piatmum 
notice that the iron is on the front of the spring, the f0lli 
platinum on the back, or opposite side. Great care must be taken 
in soldering on the foil as it is so thin. First put a little powdered 
resin on the place, lift a small particle of solder with your bolt, and 
spread it on the place where the platinum is to be. soldering 
Now take your platinum, put it on the place and platinum 
gently press it down with your bolt, when it should 
be firmly soldered to the brass. Perhaps it would be better to get 
a tinsmith to do this little job for you, if you know one- You must 
now take a piece of stout sheet brass, about i£ inch long and § inch 
wide, and bend it at right angles, as in Fig. 6, so that A will he 
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i inch long and b £ inch long. About | inch from the top of a a 
hole is drilled and threaded so as to admit of a screw working in 
it. I may remark here that you can procure contact-breakers 
Whereto complete, tipped with platinum, and far better than 

procure con- , , , , „ ' tLlcl uian 

tact- y° u could make them, from any electrician; Messrs H 
breakers. and E Dale supp j y them frQm ^ ^ ^ ^ — 

add to the expense. A common screw will not do here ; a good 
substitute will be found in the screws that hold on gas and lamt 
glasses, and the part in which the screw works can be used when 
soldered to the brass strip a over the hole above-mentioned : this 
will save you the labour of getting a thread in the brass, it is also 
firmer. A hole is also bored through the part B to allow it to be 
screwed to the base. Now take the screw I mentioned as working 
in A, and drill a small hole in the point of it, to admit the end o- 
the platinum wire. Now put in the end of your 
wire, carefully solder it to the screw, and cut off 
the excess of wire about } inch from the end of 
screw. 

We will now return to the base (Fig. 7). You 
will require four binding screws of small size. 

A hole is bored right through the 



Binding 

screws for base about $ inch from each corner. 

and the binding screws screwed 



;acl»] £ 



B 



FIG. 6, — REGULAT- 
ING SCREW. 



into it. The coil is now to be screwed to the 
base-board, and for this you will require two small brass screws 
about $ inch long, and as thin as you can get them. Now lay 
your coil on the top of the base-board, about inch from one end 
and exactly in the middle (longways), mark the places and then 
remove your coil. Bore two holes right through the base, one at 
Screwing coil each s P ot where the coil rested. You now screw on 

board!" y0ur coil t0 the base > Putting in the screws from the 
bottom of the base-board and driving them a shor' 
distance into the ends of the reel. Keep the end of the coil witr 
the primary wire to the end marked A and the fine wire to B. Now 
bore two holes at each end close to the ends of the coil right 
through the base, and pass the free ends of your wire down through. 
You now take a piece of stout brass wire, or rod, about | inch 
thick and 1 inch long, and, with a very fine saw, cut it down 

through the middle for § inch. Now bore a hole through the 
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base at c in Fig. 7, so as to admit the wire tightly, put it in and 
push it down and through, leaving about \ inch above the base of 
the cut end. The point C is in exactly a straight line Attachment 
with the end of the coil and about i£ inch distant from o*ap*iug- 
the core, just about the edge of the base* Take the spring already 
referred to and insert the end of it in the cut in the piece of brass, 
it should be a very tight fit, and move it until you get the face of 

the iron head exactly opposite the 
core and about yz inch distant. Then 
take the piece of brass bent at right 
angles with the screw in it, and screw 
it on to the base with a round-headed 
screw about f inch long, Connectitm 
in such a way as that the beneath the 
platinum point of the 
screw (when the screw is about hali 
screwed through) will just touch the 
centre of the platinum foil on the back of the spring, as in Fig, 8, 
and your coil will be finished except the connections. Of course 
if you buy a contact-breaker, as I mentioned, the fixing of it will 
depend on the style. Now turn your coil over so as to make your 
connections beneath the base, and it will be somewhat as in Fig. 
9 a, B, C f D 5 ends of binding screws ; E, end of screw by which 

the back part of spring is 
screwed to base ; f, end of rod 
with cut supporting spring ; G 
and H, ends of primary wire; K f 
K, ends of secondary or fine 
wire. 

Now twist off the cotton 
from the ends of Solderillg 

wires, K, K, and wires to bind* 

ing screws. 

solder them to the 
ends of the binding screws, B 
and a Next solder the end of wire G to binding screw A, and o* 
wire H to the end of rod F ; join d and E by a short piece of wire, 
soldering one end to each, and your coil will be complete except 
the handles and battery. 

t subjoin a list of prices of wire, etc, which may be procured 

TOI 




A * 



D * 



1HG. 8.— ADJUSTMENT OF COIL AND 
PLATINUM OF HAMMER- 
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from F. E. Becker & Co., of 33, 35, 37, Hatton Wall, London, W.C, 
at about the following prices : — 

Wire No. 24 cotton covered 3 s - P er 1d « 

„ silk , 5 s - »» 

n No. 36 cotton „ 8s - j> 

„ „ silk „ I2S - » 

Prices of Platinum wire and foil id. per grain, but 6d. worth of 
wire, etc. ^ ot ^ (together) is enough. 

Binding screws, with nut.. 3S- per dozen. 

comnion * is* 8d. ?> 

Electricians and dealers in electrical apparatus supply ;— 
Contact-breakers ♦ fr° m 4s. 

Regulating tubes from Is - 9 d - 

Cores, ready-made.. from is. 6d. 

The coil will now be complete except the handles. To make 
:hem, procure a pair of empty p- 
cartridges, large size, centre fire, 
with the caps extracted. Now 
take a pair of corks that will fit 
Handles for tightly into them, put 

con, a little gum or glue 
on the corks and force them in 
until they are flush with the end 

r 1 • j r-vre. nnf FIG. Q. — CONNECTIONS BENEATH 

of the cartridge, taking care not * the BAgE _ 

to split the paper. Next cut a 

strip of tinfoil about $ inch longer than the cartridge, coat one side 
with gum and roll it tightly round the cartridge, having tne surplus 
half-inch at the end where you inserted the cork ; fold this down 
all round so as to hide the cork. Take a yard of No. 18 or No. 20 
connection wire, and solder one end to the brass part of cart- 

with tnndfng rid S e > and twist the loOSe end int ° a Spiral r0Und , a 

screws. ruler to make it take up less room. The other one is 
made in exactly the same manner. This finishes your coil, put 
the ends of the wires from your battery into binding screws A and 
d, Fig. 8, and the ends of your handle wires into b and c. Move 
your regulating screw C in Fig, 6 until you see a spark pass 
between it and the platinum of the hammer, and the coil will begin 
working, buzzing like a swarm of bees. 




COIL WITH REGULATING TUBE, ETC. 



We will now proceed to the description of a coil with a regu- 
lating tube and condenser. The ends are the same as in the other 
coil. Take a thin brass tube, such as is used for the barrel of a toy 
gun, 2| inches long by f inch, and a strip of thin grey c^wnh 
paper 2$ inches wide. Cut it long enough to go twice tube ana oon . 
round the brass tube, roll it once round, and mark it denB6r - 
with a pencil where the paper meets. Take it off, and with your 
glue brush go over the remainder up to the marked line, then care- 
fully roll it round your brass tube. You will now see that when the 
brass tube is withdrawn, the paper will form a tube of itself. Take 
the two ends of your coil, and glue one on to each end of the paper 
tube, and lay it aside to dry. 

The next part is the core, which is made in exactly the same 
way as mentioned before, only it is made this time to fit your brass 
tube, so that the tube may slide upon it. The wire is also wound 
in the same way as previously ; but you must push your brass 

tube inside the paper one 
when you begin to wind, 
as the paper would col- 
_ lapse and be spoiled- 
The contact - breaker 
etc., are the 



r 



p 



FIG. 10.— CONDENSER. 



The cor© 

same, so are haw to mat© 

It 

also the con- 
nections of the wire 



under the base. The base itself is slightly different in construction 
although the same size. It is made of % inch maho- construction 
aany with an ornamental border, and planed and of 1 > ase - 
polished as formerly. The bottom of it is hollowed out J inch 
deep by 4 £ inches long by 3 inches broad, thus making a kind of 
box to receive the condenser. 

The core is fixed into the inside of the paper tube with small 
pieces of wood about £ inch long, so that the brass Filing a- 
t ube will slide upon it The brass- tube has a small 
knob, or ring, soldered to one end so as to draw it out. The core 
projects at one end for the hammer to strike on, as previously 
mentioned, and the pins, which hold it firm, are first dipped m glue 
before insertion. 
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The condenser is now all that is required to finish. It is made 
of a number of sheets of grey paper and tinfoil alternately. The 
paper is cut 4! in. long by 3 in. broad, and the tinfoil 4I in. long 

Mode of ky 2| in. broad. You will require about thirty of 
"XmiS™ 1 " grey pa P er and twenty-five of tinfoil. Now take 

a sheet of paper and lay upon it a sheet of tinfoil, the 
foil projecting over one end about f inch, then lay on a sheet 
of grey paper above this, and put a sheet of tinfoil upon it with f 
inch of it projecting at the opposite endfrom the first one, as in Fig^ 
10, in which p is paper, T first tinfoil, F second tinfoil. Continue 
thus putting on the paper and tinfoil alternately, always making the 
projection at opposite end from the one you did last. So that at 
one end the tinfoil would run, if numbered, I, 3, 5, 7, and at the 
other 2, 4, 6, 8, and so on, finishing, as you began, with a sheet of 
paper. 

See that your paper is free from pin-holes. Cartridge drawing- 
paper is preferable to grey. Take the whole gently up and place 
it in a plate of melted paraffin, allow it to soak in for several hours 
Soldering tin- untiI lt is thoroughly saturated. When this is done, 

^deSer?" take '* out and la ? U be t w een two flat boards and 

subject it to a good pressure for an hour or two, 
either under heavy weights or in a letter press. When you remove 
it, proceed to solder all the ends of the tinfoil projecting from one 
end to each other, and the same with the other end. This is very 
delicate wotk and your soldering-iron must not be too hot. Next 
solder a small piece of No. 20 wire about 3 inches long, one to 
each end of the foil. The other ends of these wires are soldered, 
one to connection e, Fig. 9, and the other to connection f under 
the base. An extra sheet of grey paper is placed on the top of 
the condenser, and it is then gently pressed into the box formed 
in the base. Take care that the surplus of the condenser wire 
does not touch any of the other wires. 

A piece of thin board is now placed over the bottom and screwed 
Board to down > to prevent the condenser falling out. Four 
"denser?* sma11 wooden are glued to this, and your coil will 

be complete. A bichromate battery is the most con 
venient for driving a small coil. 



THE END. 

104 



EDUCATIONAL AND USEFUL WORKS 



1 



Price 

7/6 



5/- 



5/- 



or 



3/6 



o/- 



THE BEST WORK FOR SELF-EDUCA TORS. 
THE UNIVERSAL INSTRUCTOR ; or, Self-Culture for All. 

A Complete Cyclopaedia of Learning and Self- Education ; meeting 
the Requirements of all Classes of Students, and forming a Perfect 
System of Intellectual Culture* With 2,000 Illustrations. In Three 
Vols*, royal 8vo, each 7$. Gd. ; half-calf or half-morocco, 12s* 
** The worfc is excellent, and it is to be hoped it may meet 
with the popularity it de&ervei/*'* — Athen^um, 



THE DOCTOR AT HOME, AND NURSE'S GUIDEBOOK: 

A Guide to the Nature, Causes and Treatment of Disease ; The Main- 
tenance of Health and Strength, and the Prolongation of Life; with 
special Directions respecting the various Ailments and Disorders of 
Childhood and Womanhood, Edited by George Black, M.B. Edin., 
Author of ** First Aid in Accident and Sudden Illness," &c. With 

Hundreds of Illustrations. Demv Svo, haif-roan, 900 pages, 

** Doctors will be the first to testify to the value of such a work as 
this/*— City Press. 

"THE PRACTICAL MECHANIC SERIES " OF INDUS- 
TRIAL HANDBOOKS, Profusely Illustrated. Demy Bvo, strongly 
bound in cloth, price 3s. Cd. or £#- each* 

1 The Stonemason and the Bricklayer. With Eleven Folding 

Plates and 224 Illustrations in the Text, S&, 

2 The Domestic House Planner and the Sanitary Architect. 

With Sixteen Plates and Sixty Illustrations In the Text. 8&. 

3 The General Machinist. With Four Folding Piatesand Seventy* 

five Illustrations in the Text. Ss r 

4 The Building and Machine Draughtsman, With Eighteen 

Folding Plates and 155 Illustrations In the Text, ffs. 

5 The Carpenter and Joiner, With Twenty-five folding Plate3 

and 200 Illustrations in the Text, fis* 

6 The Ornamental Draughtsman; Including Form and Colour. 

With Nineteen Folding Plates and Illusts. in the Text. 3**6'*?, 

7 The Ircn and Steel Maker, vv ith Five Folding Plates and Tnirty- 

two Illustrations in the Text, fix. 

8 The Cabinet Maker. With Ten Folding Plates and Sixty-Two 

Illustrations in the Text* 3s, 6d. 
g The Geometrical Draughtsman, With Seven Folding Plates and 
126 Illustrations In the Text. 3s. 6d. 

10 The Student's Introduction to Mechanics. With 160 Illustra- 

tions. 5s. 

11 The Steam-Engine User. With about 130 Illustrations. Ss* 

"The information has been supplied by men who are peculiarly well 
qualified to speak on the subject ; and if our mechanics and artisans could 
be induced to master books of this kind, their interest in their daily work 
would be quickened, and, since skilled labour can always command the 
Market, their advancement in life would be secured. 1 * — The Leeds 
Mercury* 

A DICTIONARY OF THE TECHNICAL AND TRADE 

TERMS of Architectural Design and Building Construction. Being 
Practical Descriptions, with Technical Details, of the Different Depart- 
ments connected with the various Subjects ; with derivations of, and 
French and German equivalents or synonyms for the various Terms. 
With Explanatory Diagrams, Demy 8vo» cloth, Ss* 

" The thoroughly explanatory character of the work gives it & h ; gh 
value, both as a book of reference, and as a practical guide for the young 
architect and builder. Technicality is shown to be no bar to a perfectly 
clear description of every term.** — Daily Chronicle* 




Price 

30/- 

36/- 
42/- 



18/- 



7/6 



7/6 



7/6 



7/6 



HIGH-CLASS BOOKS OF REFERENCE. 



A Complete Encyclopaedia for Thirty Shillings. 
In Four Vols royal 8yo, cloth, 30s. ; strongly bound, half-Persian. 42*. : 
half-russia. GOs. ; half-calf, 63s. ; Six Vols., cloth, 36s. ; hall-calf, 64s. 

BEETON'S ILLUSTRATED ElMCYCLOP/EDIA OF UNI- 
VERSAL INFORMATION. Comprising Geography, History, 
biography, Chronology, Art, Science, Literature, Religion 
and Philosophy, and containing 4,000 Pages, 60,000 Articles, and 

Hundreds of Engravings and Coloured Maps. 

<~JZJZlJ£* m *J* »° £ ook L which in such sma11 compass gives so 
much information."— Thr Scotsman. 

** A. perfect mine of information.*'— Leeds Mercury, 
HAYDN'S DICTIONARY OF DATES. Relating to all 

Ages and Nations ; for Universal Reference. Containing about 12,000 
distinct Articles, and 130,000 Dates and Pacts. Twentieth 
Ildition, Enlarged, Corrected and Revised by Benjamin Vincent. 
.Librarian of the Royal Institution of Great Britain. Medium 8vo. 
cloth, price 18s. ; half-calf. 24s. ; full or tree-calf, 31s. (td. 
TMM TIMES on the i8th Edition :— " We see no reason to reverse 
or qualify the judgment we expressed upon a former enirion, that the 
Dictionary of Dates is the most Universal Book of Reference, in 
a moderate compass that we know of in the JEnalish Lan- 
gwaffe." 

VINCENT'S DICTIONARY OF BIOGRAPHY, Past and 

Present Containing the Chief Events in the Lives of Eminent Persons 
of all Ages and Nations, By Benjamin Vincent, Editor of " Haydn's 
Dictionary of 'Dates." Medium bvo, cloth, ?s+ Gd* ; half-calf > 12s. : 
full or tree-calf, 18 s* 

t has tbe me 5 it of condensing into the smallest possible compass the 

leamng event* €n the career of every man and woman of 
eminence* , . . Very carefully edited, and must evidently be the result 
ot constant industry^ combined with good judgment and taste."— Tim ks. 

HAYDN'S DICTIONARY OF DOMESTIC MEDICINE, By 

the late Edwin Lankester, M.D., F.R.S., assisted by Distinguished 
Physicians and Surgeons. With an Appendix on Sick Nursing and 
Mothers' Management, With full pages of Engravings. In One 
Vol, medium 8vo, cloth gilt, 7*. 6d. ; half-calf, 12s* 

44 Th * best work of its k tnd* — M epica l Press and Circular. 
HAYDN'S BIBLE DICTIONARY. For the use of all Readers 

and Students of the Old and New Testaments, and of the Apocrypha- 
Edited by the late Rev, Charles Boutell, M.A. With many 
pages Ot Engravings, separately printed on tinted paper. In Une 
Vol., medium 8vo, cloth gilt, 7*. 6d. ; half-calf, 12s* 

** Marked by great care and accuracy f clearness com- 
bined with brevity t and a vast amount of information which 
will delight and benefit readers***— Thu Watchman, 

HOUSEHOLD MEDICINE: A Guide to Good Health, Lorn; 

Life, and the Proper Treatment of all Diseases and Ailments* Edited 
by George Black, M,B, Edim Accurately Illustrated with 450 
Engravings. Royal 8vo, cloth gilt, price 10*. ScL ; half-calf, 16a, 
"Considerable is the care which Dr* Black has bestowed upon his work 
on Household Medicine. He has gone carefully and ably into all the sub- 
jects that can be included in such a volume. , - . The work is worthy 
of study and attention^ and likely to produce real good. 9 *— 
Athenaeum. 
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HIGH-CLASS BOOKS OF REFERENCE. 



Price 



7/6 



7/6 
7/6 
7/6 



7/6 



15/- 
18/- 
21/- 

15/- 
18/- 
21/- 

7/6 

per Vol 



THE BOOK FOR AMATEURS IN CARPENTRV, &c. 
EVERY MAN HIS OWN MECHANIC* Being a Complete 
Guide for Amateurs in Household Carpentry and Joinery, Orna- 
mental and Constructional Carpentry and Joinery, and 
Household Building, Art and Practice, New, Revised and 
Enlarged Edition, with about 900 Illustrations of Tools, Pro- 
cesses, Buildings* &o v ^ Demy 8vo f cloth gilt 7*. fid* ; half-call, t*4s* 
" There is a fund of solid information ot every kind in the work before 
us, which entitles it to the proud distinction of being a complete 4 vade- 
mecum' of the subjects upon, which it treats***— The Daily 
Telegraph. — 

BEETON'S DICTIONARY OF THE PHYSICAL SOU 

ENCES ; Including Astronomy, Botany, Chemistry, Geology, Elec- 
tricity, Sound, Light, Heat, &c« With explanatory Engravings. 
Royal 8vo f cloth gilt, 7s* fid. ; half-calf, 12s. 

BEETON'S DICTIONARY OF RELIGION, PHILOSOPHY, 

POLITICS, AND LAW. With explanatory Woodcuts, Hoyal 
Svo, cloth gilt, 7s* fid* / half-calf, l#s. 

BE ETON'S DICTIONARY OF INDUSTRIES AND COM- 
MERCE; Accounts r Agriculture, Building, Banking, Engineering, 
Mechanism, Mining, Manufactures, Seamanship and Shipping, Steam 
Eneines, and many other Useful Articles. With 300 Explanatory 
Woodcuts, Royal 8vo, cloth gilt t 7s* fid. 

BEETONS DICTIONARY OF LITERATURE, FINE ARTS 

AND AMUSEMENTS ; Architecture, Books, Heraldry, Journalism, 
Music, Painting, Sculpture, and manv other Subjects pertaining to 
Culture and generaL Information. With Explanatory Woodcuts, 
Royal 8vo, cloth gilt, price 7** fid* 

The care and labour bestowed on these works have rendered them com* 
pleie and trustworthy Encyclopedias on ike subjects which ihey include. 
The latest discoveries > improvements s and changes have been noticed and 
duly chronicled in the various articles % and no pains have been spared to 
attain at once completeness* clearness* and accuracy in each book* 

BEETONS DICTIONARY OF UNIVERSAL INFORMA- 

TIONt Science, Art, Literature, Reltgion anh Philosophy. 
Comprising about 2,000 pages, 4,000 columns, 25,C00 complete 
Articles. In Two Vols,, royal Svo, with many Illustrations, IS 8* f 
h alf- Persian # £t&* ; in One VoL, half-roan, without Illustrations, 
u A most -valuable worh of reference***— Th& Times, 

BEETON'S DICTIONARY OF UNIVERSAL INFORMA- 
TION, relating to Geography, H jstorYj Biography, &c. With Maps 
In Two Vols., royal Svo, cloth, with manv Illustrations, l&s* ; haif- 
Persian, 21s* ; in One Vol*, half-roan, without Illustrations, 18** 
** A combination, of accuracy 9 compact nes& $ com pre* 

hensiveness and cheapness***— Glasgow Herald. 

THE INDUSTRIAL SELF-INSTRUCTOR in the leading 

branches of Technical Science and Industrial Arts and Pro- 
cesses. With Coloured Plates, and many Hundreds of Working 
Drawings, Designs, and Diagrams. In Five Vols., demy 4to, cloth 
gilt, 7*- fid, each. 

This work, devoted to the spread of Technical Education, appeals to 
all who take an interest in Manufactures and Construction, and in the 
progress and operation of practical Science. 

"Promises to be one of the most useful boohs ever issued 
from the British press-'*— Freeman's Journal* 
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WARD & LOCK'S POPULAR DICTIONARIES. 
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5/- 

5/- 
6/- 
3/6 

2/6 
6/- 

51- 
3/6 

3/6 
2/- 

1/- 

2/6 

i/- 
i/- 

8/- 

V- 



Id. 



THE STANDARD 

DICTIONA RIES OF LANGUAGE. 

The Cheapest Derivative Dictionary Published. 2s. Gd. 
Th lSZ ANDARD ETYMOLOGICAL DICTIONARY of the 

ENGLISH LANGUAGE. By Francis Young. Large crown 8vo. 
cloth gilt, marbled edges, joo pp., 2s. Gd. ; half-rassia, 8s. Illus- 
trated Edition, doth gilt, 3s. Gd. ; half-roan, Ss. 

T* hc v?^ k *i brmj ? ht well up to date. . . . A I together, for its 
s%ze, « w»H be found to be the most complete popular Diction- 
aiy of our language yet published."— The Athbn^um. 

BRE , WERS ETYMOLOGICAL & PRONOUNCING DIG- 

R^v AK T Y T°rf P^ICULT WORDS. By the Rev. E. Cobham 
drewhr, LL.U, Large crown 8vo, i,6oo pp., cloth, Ss.; half-roan, Ha. 

WEBSTER'S UNIVERSAL PRONOUNCING AND DE. 

MN1NG DICTIONARY OF THE ENGLISH LANGUAGE. 
Condensed by C. A. Goodrich, D.D. Royal 8vo, half-roan, 5s. ; 

i«- 23 AT 5 D Editio **» cloth » 6s - 1 ditto *>'t, 7*. Gd.; half-morocco, 
ivs. Superior Edition, half-roan, I«* Gd. i half-calf, 12s. 
smaller Edition, demy 8vo, cloth, 3s. Gd. 

WEBSTER'S IMPROVED PRONOUNCING DICTIONARY 

r-.£? E i> ENGUS ? LAN GUAGE, Condensed and adapted by 
Charles Robson. Super-royal i6mo, cloth, 2s. Gd. ; half-roan. 
*** 0(t « > Illustrated Edition, half-morocco, Gs. 

WA i*?5 AND WEB STER'S ENGLISH DICTIONARY. 

With Key by Longmuir. Demy 8vo, cloth, Ss.; half-roan, 6s, 
AINSWORTH'S LATIN DICTIONARY, English-Latin and 
dSh'S* Gd. Additioas by J* DvM «CK t LL.D. Super-royal i6mo, 

NEW FRENCH-ENGLISH AND ENGLISH-FRENCH PRO- 
NOUNCING DICTIONARY. On the Basis of Nugent. Super- 
royal i6mo. cloth, 3*. Gd.; small fcap. 8vo. half-roan, 2a.; New Edi- 
tion, leap. 8vo, wrapper. Is.; cloth; Is. Gd. 

WARD AND LOCK'S NEW PRONOUNCING DIC- 
TIONARY of the ENGLISH LANGUAGE. Crown 8vo, cloth, 300 
pp. , price Is. ; Thicker Edition, half-roan, 2s. Gd. 

WEBSTER'S POCKET SHILLING DICTIONARY OF 

THE ENGLISH LANGUAGE. Condensed by Charles Robson. 
Imp 32mo, cloth, Is. 

WARD AND LOCK'S SHILLING GERMAN DICTIONARY. 

Containing German-English and English-German, Geographical Dic- 
tionary, &c. Crown i6mo, cloth, Is.; demy 32010, half-roan, 2s, 

WALKER AND WEBSTER'S DICTIONARY. Containing 

upwards of 35,000 Words. Smalt fcap. 8vo, cloth, Is.; half-roan, Is. Gd. 

WEBSTER'S SIXPENNY POCKET PRONOUNCING 

DICTIONARY OF THE ENGLISH LANGUAGE. Revised 
doth°ffd Wbbster, Sou of Noah Webster. Demy 32100, 

WEBSTER'S PENNY PRONOUNCING DICTIONARY. 

Containing over 10,000 words. Price Id. ; or linen wrapper. 2d. 
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THE 



Standard Gardening Books. 



Enlarged and Revised Edition* 
BEETONS NEW BOOK OF GARDEN MANAGEMENT ( 

A New and Greatly Enlarged Edition, entirely Remodelled and 
thoroughly Revised; forming a Compendium of the Theory and Practice 
of Horticulture, and a Complete Guide to Gardening in all its Branches 
Profusely illustrated wit H Coloured Plates and 600 Engravings. 
Royal 8vo p very handsomely bound, cloth giU, bevelled boara*, 

Breton's New Book of Garden Management is a compute and 
exhaustive -work on the Theory and Practice of Gardening in all its 
Branches, embodying Full and Detailed Information on every subject 
thai is directly or indirectly connected with tlte Art, leading up from the 
preparation of any description of Ground) to render it fit and suitable 
for Horticultural purposes, to the Culture of every kind of Flower, 
Fruit, Vegetable, Herb and Tree that is or can be grown in it 

"The work is exceedingly comprehensive * * • • appear* to 
leave no detail of the subject without adequate treatment."— 
The Daily Telegraph, 

BEETONS ILLUSTRATED GARDENING BOOK- A 

Complete Guide to Gardening in alt its Branches, and a reliable com- 
pendium of the Theory and Practice of Horticulture. With Coloured 

Plates and Hundreds of Engravings, Crown 8vo f cloth gilt, 7s. 4*d. 

This work is of a most comprehensive character f showing how to Lay 
Out and Stock the Garden^ and describing (he Culture necessary for 
every Fruit t Flower and Vegetable that is grown in it. The work also 
treats exhaustively of Sites, Soils and Manures, Sequence of Crops, 
Garden Carpentry, Tools and Appliances t Greenhouses, Orchard 
Houses, frc. 

BEETON S BOOK OF GARDEN MANAGEMENT, The 

Original Crown 8vo Edition, Embracing all kinds of information con- 
nected with Fruit, Flower, and Kitchen Garden Cultivation, Orchid 
Houses, &c. &c* Illustrated with a large number of Engravings. 
Crown 8vo, cloth gilt, price Gs* ; or in half-calf, 10$. 6d* 

BEETON S DICTIONARY OF EVERY-DAY GARDENING- 

Constituting a Popular Cyclopaedia of the Theory and Practice of 
Horticulture* Illustrated with Coloured Plates, made after Original 
Water Colour Brawings t and WoodoutS in the Text, Crown 8vo, cloth 
gilt, price 3&4 6d* 

ALL ABOUT GARDENING. Being a Popular Dictionary of 

Gardening, containing full and practical Instructions in the different 
Branches of Horticultural Science. With Illustrations. Crown Svo, 
cloth gilt, price 2s. 0d* 
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The Standard Gardening Books — continued. 
THE GARDEN: Its Preparation and Arrangement. 

Showing and Describing how Gardens are Laid Out ; the Tools and 
Appliances wanted for Garden Work ; the Structures with which Gar- 
dens are Furnished and Equipped. With man; Illustrations. 
Crown Svo, cloth, its, fid. 

WORK IN GARDEN AND GREENHOUSE ALL THE 

YEAR ROUND. Describing how Gardens are Kept, Stocked and 
Renewed; Routine Work in Garden and Greenhouse all the year 
round; the Training Culture, and Propaganda of Trees, Shrubs, 
Fruits, Flowers, and Vegetables, With many Illustrations* Crown 
8vO; cloth, 2s* 

BEETONS GARDENING BOOK, Containing full and prao 

tical Instructions concerning general Gardening Operations, the Flower 
Garden, the Fruit Garden, the Kitchen Garden, Pests of the Garden, 
with a Monthly Calendar of Work to be done in the Garden throughout 
the Year With Illustrations. Post 8vo t doth, price 1**,* or cloth 
gilt, with Coloured Plates, price Is* 6d* 

HOW TO MAKE A GARDEN, Giving Complefe Instruo 

tions on the Formation of a Garden* Describing every Operation that 
is necessary for the Conversion of a piece of Land into a well-arranged 
Garden. With many Illustrations. Crown Svo, limp cloth, Is* 

AIDS TO GARDENING : An Exhaustive and Reliable Sum^ 

mary of Articles of all kinds requisite for Garden Work in every 
branch. With clear and practical Instructions for the Con struct ion , 
Heating and Ventilation of Glazed Appliances, Fixed and Movable. 

With many Illustrations. Crown Svo, limp cloth, Is* 
THE GARDEN AND ITS WORK FOR EVERY MONTH 

IN THE YEAR, Setting forth the best Modes and Means of Re- 
storing worn "Out Garden Ground ; the Renovation and Regeneration 
of Fruit Trees ; the Theory of Plant Life and Growth - the Methods 
of Propagation ; the Management of all jcinds of Fruit Trees ; and the 
Gardener's Out*door + Work in every Season. With many Illustra- 
tions, Crown Svo, limp cloth, Js* 

GREENHOUSE AND GARDEN. A Complete Summary of 

the Treatment of Flowers, Fruits and Vegetables under Glass; Direc- 
tions for Planting and Preserving Ornamental Shrubs and Trees ; the 
Culture of all kinds of Plants used as Food : Cultural Notes on all 
Varieties of Flowers; and Instructions for Window Gardening and 
Management of Ferns* With many Illustrations, Crown 8vo, 
limp cloth, Is* 

KITCHEN AND FLOWER GARDENING FOR PLEASURE 

AND PROFIT, A Practical Guide to the Cultivation of Vegetables, 
Fruits, and Flowers, With upwards of 100 Engravings. Crown 8vo, 
limp cloth, Is* 

G LENNY'S ILLUSTRATED GARDEN ALMANAC AND 

FLORISTS' DIRECTORY, Published Annually, with Engravings 
of the Year's New Fruits, Flowers, and Vegetables, List of Novelties, 
Special Tables for Gardeners, Wrinkles for Gardeners, Alphabetical 
Lists of Florists, &c. &c» Demy 8vo, cloth, price Is* 

BEETON S PENNY GARDENING BOOK. Price Id. ; 

post free, il4d. 
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REFERENCE BOOKS FOR THE PEOPLE 



BEETON'S 

National Reference Books. 

Strongly bound in doth, price One ShUlinff each. 
(Those marked thus * can be had cloth gilt , price Is* Gd*t 

*i Beet on's British Gazetteer: A Topographical and 

Historical Guide to the United Kingdom* 

2 BeetoiVs British Biography: From the Earliest Times 

to the Accession of George III- 

3 Beaton's Modern Men and Women : A British Bio- 

graphy, from the Accession of George III. 

*4 Beeton's Bible Dictionary : A Cyclopedia of the 

Geography, Biography, Narratives, and Truths of Scripture, 

*5 Beetons Classical Dictionary; A Cyclopaedia of 

Greek and Roman Biography, Geography, Mythology, &c* 

*6 Beetorfs Medical Dictionary: A Guide to the Sym- 
ptoms and Treatment of all Ailments, Illnesses and Diseases* 

7 When Was It? A British Chronology ; io,ooo Events in 

English History. New Edition, brought down to 189 1* 

8 Beetorfs Dictionary of Commerce. Containing Ex* 

planations of the Terms used in, and Modes at Transacting Business,. 

9 Beeton's Celebrities of the Age; A Biography of 

Men and Women of Note. 



SIXPENNY 

r Beeton's Complete Letter- 
Writer for Ladies. 

2 Bee ton's Complete Letter- 

Writer for Gentlemen. 

in 

3 The Language of Flowers. 

4 The Poetry of Flowers. 

5 Webster's Ready Reckoner* 

6 Mrs. Warren's Economical 

Cookery, 

7 Webster's Pocket Dictionary. 
S New Letter-Writer for Lovers 
9 Practical Cookery and Eco- 
nomical Recipes. 

10 The Doctor. G, Black, M.B. 
ix Beeton's Washing Book. 

12 Don't : A Manual of Mistakes. 

13 Common Blunders In Writing. 

14 Common Blunders in Speak- 
ing 

15 Stop! Uniform with 4 * Don't, " 

16 Discriminate! Uniform with 
"Don't." 



MANUALS. 

17 English as she Is Wrotd. 
iS Ingglish az she \z Spelt. 
19 Ward and Lock's Picture ABC* 
so Teggs Readiest Reckoner. 

21 Beet on 'a Sixpenny Cookery* 

22 Beeton's Cottage Cookery. 

23 Beeton's Popular Song Book. 

24 Beeton'a Favourite Song 

Book. 

25 How to Save Money. 

26 Small Savings; and How to 

make the Most oi Them. 

27 Beeton's Sixpenny Spelling. 

28 Mercle Sunshine's Picture 

ABC 

29 Intoxicating Drinks. 

30 The Secret of a Happy Home. 

31 To Those about to Marry. 

32 Profitable and Economical 

Poultry Keeping. 

33 Mrs- Beeton's English- 

woman's Cookery Book* 
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POPULAR SHILLING MANUALS. 



Pncc 



V- 



WARD, LOCK & BOWDEN'S universal series of 

SHILLING USEFUL BOOKS. 



i Beeton's Shilling Cookery Book. With Cold. Plates, 
a Beeton's Shilling Gardening Book. Fully Illustrated. 

3 Beeton's Complete Letter Writer, for Ladies and 

Gentlemen. 

4 Webster's Pocket English Dictionary. 

5 Beeton's Ready Reckoner. 

6 Beeton's Pictorial Spelling Book. 

7 Beeton's Family Washing Book. For Fifty-two Weeks. 

8 Beeton's Investing Money with Safety and Profit 

9 Webster's Book-keeping. Single and Double Entry. 
10 The People's Shilling Housekeeper. 

12 Ward and Lock's English and German Dictionary. 

13 Complete Etiquette for Ladies. 

14 Complete Etiquette for Gentlemen. 

15 Complete Etiquette for Families. 

16 Etiquette of Modern Society. 

17 Guide to the Stock Exchange and Money Market. 
iS Tegg's Readiest Reckoner ever Invented. 

19 The Bible Student's Handbook. 

20 The Complete Shilling Self-Instructor. 

21 Speeches and Toasts : How to Make and Propose them. 

22 Ward and Lock's New Pronouncing Dictionary. 

23 Grammar Made Easy : The Child's Home Lesson Book. 

24 Child's First Book of Natural History. Illustrated. 

25 Webster's Dictionary of Quotations. With full Index. 

26 The Pocket Map of London, and 32,000 Cab Fares. 

27 Beeton's Recipe Book. Uniform with Beeton's Cookery. 

28 Walker and Webster's English Dictionary. 

29 The Holiday Companion, and Tourist's Guide. 

30 Ward and Lock's Indestructible A B C. Illustrated. 

31 Ward and Lock's Indestructible Alphabet. 

32 Doubts, Difficulties, and Doctrines. Granville. 

33 Beeton's Dictionary of Natural History, illustrated. 

34 The Dictionary of Every-day Difficulties. 

35 Webster's Illustrated Spelling Book. 

36 Beeton's Book of Songs. New and Improved Edition. 




POPULAR SHILLING MANUALS. 



Price 

V- 



Universal Series op Useful BooKS—cmttnued. 

37 The Ant of Swimming. By Captain Webb. 

38 Elementary Carpentry and Joinery. 257 Illusts. 

39 Ornamental Carpentry and Joinery. 271 Illusts* 

40 General Building, Art and Practice. 224 Illusts. 

41 New South Wales and Queensland. Trollops, 

42 Victoria and Tasmania, By Anthony Trollofb, 

43 South and West Australia, By Anthony Trollofi. 

44 New Zealand. By Anthony Trollope, 

45 Cobbett's English Grammar, Annotated Edition, 

46 Cobbett's French Grammar* Annotated Edition, 

47 How to Pass Examinations; or, The Candidate's Guide, 

48 Professions and Occupations: A Guide for Youths, 

49 Common Blunders in Speaking and Writing, 

50 Ahn's First Lessons in German, 

51 Westhall on Training, (Pocket size.) 

52 Moody's Talks on Temperance. (Also cloth, u. tfa.) 

53 Intoxicating Drinks: Their History and Mystery. 

By Dr. Kirton, (Also in cloth gilt, la* 6d 4 ) 

54 The Poetry of Flowers, With Illustrations, 

55 The Language of Flowers. With Illustrations. 

56 Wattss Short View of Scripture History, 

57 Sun, Moon and Stars: Elementary Astronomy, 

58 Manners of the Aristocracy. By One of Themselves* 

59 English Grammar for Self-Learners. L. T. Smith, 

60 The Improvement of Modern Dress, 

61 Shakespeare's Complete Works. 

62 The Book of Recreation and Amusement, 

63 The Magic Lantern : Its Construction and Management. 

64 Carpenter's Dictionary of Synonyms. 

65 Sound, Light and Heat. By D unman. 135 Illusts. 

66 Electricity and Magnetism, By Dunman. 165 Illusts, 

6 7 The Guide to Health, Ed.by Geo. Black, MAHlust 

68 The Household Doctor. Edited by Geo. Black, M + B, 

69 Lessons in French, By Jules A, L. Kunz, 

70 Lessons in German. By H. W, Dulcken, Ph.D, 

71 Our Nurses, and the Work they Have to Do. By 

H. C. O'Neill and E. A. Barnett, (Also cloth, 

72 Profitable Poultry Keeping, By Mrs, Eliot James, 

73 Fret^Sawing and Marquetry Cutting. By D. B. 

A da m son. Illustrated. {Also cloth, 
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«Jniversal Series of Useful ^Boovls— continued. 

74 Plays for* Home Performance. ■ By J. Maddison 

Morton, Author of " Box and Cox." 

75 The Enquirer's Oracle: What to Do and How to Do It. 

76 Good Plain Cookery. By Mary Hooper. 

77 French and English Dictionary. 

78 The Clerk's Instructor; or, How to Excel in Business. 

79 The Good Housewife. With 160 Illustrations. 

80 The Family Advice Book. With 200 Illustrations. 

81 The Cookery Instructor. By Edith A. Barnett, 
83 How to Make a Garden. Illustrated. 

83 Aids to Gardening. Illustrated. 

84 The Garden and Its Work. Illustrated, 

85 Greenhouse and Garden. Illustrated. 

86 How to Read Character in Handwriting. H.Frith. 

87 Select Plays for Amateurs. Illustrated. 

88 Original Plays for the Drawing. Room. Illustrated. 

89 Plays for Amateur Actors. Illustrated. 

90 How to Read Character in Faces, Features and 

Forms. By Henrv Frith. 

91 Our Boys and Girls, and What to Do with Them. 

By Sir George Baden-Powell, Clementina Black, and others. 
(Also cloth, 

92 Animal Life : Introduction to Zoology. G. T. Bettany. 

93 Temperance Summer and Winter Drinks. By 

Frederick Davies, 600 Recipes. 

94 English Literature. H. W. Dulcken, Ph.D. must. 

95 Etiquette of Party-Giving. By Mrs. Armstrong. 

96 Our Daily Fare, and How to Provide It. 

97 The Work- Table Companion, illustrated. 

EDUCATIONAL SERIES. 

Specially adapted for Self- Instruction,. Crown 8vo, neat cloth. 

1 Lessons in French. By Jules A. L. Kunz, French Lec- 

turer in the Heriot Watt College. 29. 

2 Key to ditto, in. 6d. 

3 Astronomy : A Simple Introduction to a Noble Science. 

By E. Neison, F.R.A.S., Her Majesty's Astronomer for Natal. }t». 

4 Lessons in German Grammar and Pronunciation. 

By H. W. Dulcken, Ph.D. Ids. 

5 English Grammar, for Self- Learners. By L. Toulmin 

Smith, 2tf* 

6 The Kindergarten System; A Manual of the Healthy 

and Happy Method of Teaching Young Children, 2*. 
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POPULAR USEFUL BOOKS. 



Price 



3/6 



3/6 



2/6 
2/6 



THE LONG LIFE SERIES* 

Edited by George Black, M.B. Edin., Author of " First Aid in Accident 
and Sudden Illness," &c, Illustrated where necessary. 

Price Is, per Volume, neatly bound in cloth. 

1 Long Life, and How to Reach It. 

2 Eyesight, and How to Care for It. 

3 The Throat and the Voice, 

4 The Mouth and the Teeth. 

5 The Skin in Health and Disease. 

6 Brain Work and Overwork. 

7 Sick Nursing, 

8 The Young Wife's Advice Book* 

9 Sleep: How to Obtain It. 

10 Hearing, and How to Keep It- 

11 Sea Air arid Sea Bathing. 

12 Health in Schools and Workshops- 

13 The Human Body: Its Structure and Design. 

The Saturday Review says: 44 It is not too much to say of 
them, tts a series, that the shilling invested betimes in each 
of them may be the means of saving many a guinea,** 

BEETON'S LEG A Li HANDBOOKS. 

Crown 8vo, in strong cloth boards, price Is* each* 

1 Property.— 2 Women, Children, and Registration*— 3 Divorce 
and Matrimonial Causes.— 4 Wills, Executors, and Trustees,— 
5 Transactions In Trade, Securities, and Sureties.— 6 Partnership 
and Joint Stock Companies.— 7 Landlord and Tenant, Lodgers, 
Rates and Taxes. — 8 Masters, Apprentices, Servants, and Working 
Contracts— 9 Auctions, Valuations, Agency, Games and Wage re,— 
10 Conveyance, Travellers, and Innkeepers.— it Powers, Agree- 
ments, Deeds and Arbitrations,— The County Court Handbook. 
—13 The Householder's Law Book.— 14 The Licensing Laws*— 15 The 
Married Women's Property Act, 1882.— 16 The Bankruptcy Act, 
1883.— 17 The New Reform Act— 18 The Parish Councils Act, 1894. 

ORGAN BUILDING FOR AMATEURS. Containing Specifi- 
cations, Designs and full Instructions for Making every portion of the 
Instrument* By Mark Wicks. 200 Illustrations* Crown Bvo. cloth 
gilt, 3s. Gd. 

44 We have seldom met with a more clear, concise and 
exhaustive little treatise than this"— Manchester Guardian. 

FISHING TACKLE: Its Materials and Manufacture, By J. 
Harrington Kebnr. With 254 Illustrations. Cr. 8vo t cloth, 3s. 6d* 
44 All anglers tvho are wise will find a niche for it in 

the sanctum* It is a positive pleasure to recommend so unassuming 

and meritorious a book/* — Athenaeum. 

THE MAGIC LANTERN: Its Construction and Manage- 
ment. With 80 Engravings. Crown 8vo, cloth gilt, 2s. Gd. 

THE PRINTING ARTS : An Epitome of the Theory, Practice, 

Processes and Mutual Relations of Engraving, Lithography and 
Printing in Black and in Colours. By [ohm Whitfield Harlan d. 
With Illustrations, Crown 8vo, cloth, 2s* Gd. 
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WARD, LOCK & BOWDEN, Limited 



POPULAR USEFUL BOOKS. 



V- 

2/6 



V- 
1/- 



V- 



Price THE 

Standard Etiquette Books. 

3/6 THE MANNERS OF POLITE SOCIETY; or. Etiquette for 

9/g Ladies, Gentlemen, and Families, A Complete Guide to Visiting, Enter- 

/ taining, and Travelling, Conversation, the Toilette, Courtship, &c, Cr. 

2 1^ 8vo f elegantly bound, cL gilt, 3s* 6d* ; cloth gilt, 2s, 0d* ; cloth, 2s. 

2jn THE MANNERS OF THE ARISTOCRACY. By One of 

' Themselves* A Complete and Modern Guide to the Etiquette of Dinners, 

Weddings, At Homes, Hostess and Guest, Visiting, Precedence, &c. 
Crown Svo, cloth gilt, price 2s, 0d t ; Cheap Edition, wrapper, Is* 

ALL ABOUT ETIQUETTE; or, The Manners of Polite 

Society : for Ladies, Gentlemen, and Families ; Courtship, Correspon- 
dence, Carving, Dining, Dress, Ball Room, Marriage, Parties, Riding 
Travelling, Visiting, &c. &c. Crown Svo, cloth gilt, 2s. 6d, 

If- I THE COMPLETE ETIQUETTE FOR LADIES. Post 8vo, 

cloth jf ^ 

THE fcoMPLETE ETIQUETTE FOR GENTLEMEN, 

Post Svo, cloth, Is* 

THE COMPLETE ETIQUETTE FOR FAMILIES. Post 
8vo, cloth, Is* 

JJL THE ETIQUETTE OF MODERN SOCIETY, A Guide to 

Good Manners in every possible situation. Crown 8vo t cloth, price 1$, 

THE ETIQUETTE OF PARTY-GIVING, A Guide for 

the Entertainer and the Guest. By Mrs- Armstrong, Clothj Is, 

Gd. DONT : A Manual of Mistakes and Improprieties, ed. 

Q(L STOP ! A Handy Monitor and Pocket Conscience. Fcap. 8vo, 

, , linen covers, Gd* 

DISCRI M I NATE I Manual of Correct Words & Phrases, ed* 

THE AMATEURS' PRACTICAL AID SERIES 

IN SCIENCE, ART AND HANDICRAFT, 

Edited by Francis Chilton -Young, Author of u Every Man His 

Own Mechanic, '* 
Crown 8vo t strongly bound in cloth, Is. per Volume, Illustrated, 

J 1 — ^MI^M 

1/- i Carpentry for River and Garden : Boat Building made 

Easy, and Rustic Carpentry. 

2 Mechanical Work in Garden and Greenhouse: Geo- 

metry for Gardeners j Sun- Dials; Greenhouse Building & Heating. 

3 Ornamental Carpentry : Wood Carving, Decorative Car- 
pentry, Ornamental La tt ice- Work m - 

4 House Painting and Papering, Including the Decora- 
tion of Floors and French Polishing, 

5 Metal Working for Amateurs : Brazing and Soldering 

Gas Fitting ; israss Casting, 

6 The Electrician at Home : Electric Bells, Making and 

Fitting; Electro-plating, 

7 Electrical Apparatus for Amateurs: Telephones; 

Domestic Electric Light; Electrical Machinery* 
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|,0OO ILLUSTRATIONS 

Planes Tools, 



/€UTLE RY - 



0 



tabUSHED 1841. 

liSJMLWORTHffi 



LONDON.S.E.Sp 

;«f- — • ife... 



ALLTooLsWarrantei 



AND ALSO AT 

144, B18H0PSGATE STREET WITHOUT, 

London, E.C. 




BEST NICKEL 
PLATED 

RATCHET BRACES 

WITH BALLBEARINGS 

8iNs8/;10iNs8/e 

POST FREE. 





SELF-GRIP 
BRADAWL 

With la Blades in Case. 
Is. 4d- e^ch. Postage 3d. 




THE HANDY 
APRON. 

Useful to either Amateur or 
Mechanic* 

IS. 3d* each* Postage 3d, 



JOHN OAKEY & SONS, LTD., 

MANUFACTURERS OF 

Emery Cloth, Emery Wheels, Bl ,ck Lead, 
Glass Cloth, Glass Paper, Emery Paper, Pumice, 

Putty Powder, Crocus, Rouge, &c, 

"FLEXIBLE TWILLED" 

GENUINE EMERY CLOTH, 

For Engineers, Sewing Machine, Lock, and Scale Makers, and all 
purposes where great strength durability, and perfect flexibility arc 

required. Supplied also in rolls, 17 inches wide* 

FLEXIBLE GLASS PAPER, 

Unequalled for Strength and Durability. Each sheet stamped 
; "OakeyV* warranted. 

EXTRA STRONG GLASS PAPER In Rolls, 24-in, wide. 

— i > — ■ — 1 — i 

Wellington Emery and Black Lead Mills, London, S.E. 

C, NURSE and CO., 

TOOL MAKE MS & C TITLE JS>8 9 

182 & 184, WALWORTH ROAD, LONDON, S.E. 

AND ALSO AT 

144, Bishopsgate Street Without, London, E.G. 

STANLEY'S IMPROVED 

CIRCULAR PLANE, 

10/6 each, Post Free. 



Our Large JUustrated Price List 

Post Free* 




FRETWORK EMPORIUM 



AND 



Home Art Work Stores 



GOLD MEDAL. 

Highest awards received for our Patterns 
in all parts of the Empire; acknowledged 
the best selection published, including 

furniture series. 




y/MW£*////'w/tiM " mm/^^mm^^m/^: -team 
Patent Bench Stop, price 2s, 



FRETWOOD, 
MACHINES, 
TOOLS, 

HINGES, LOCKS, MIRRORS, 

POLISH. STAINS, f|| 

And aU Requisites for the Fretworkers. 



SELECTED PARCELS OF FRETWOOD, 10s. 

THE BEGINNER'S PARCEL, 12-ft. 4s. free. 

Carving Tools, sets of 12, boxwood handle*, 10a. free. 

Repousee Outfits, complete in box, 15s. Selection of designs for this 

work, 6d. per sheet. 
Burnt Wood, Complete Apparatus and Instructions, 12s. 6d. 
Bent Iron Outfits, 5s, and 10s. each. Special series of designs ; Strip 

Iron, Brass, and Copper, 
Bamboo Outfits, 10s. 6d„ 15s., and 21s. each. Tortoise Shell Canes, 

from 2s, 9d. per dozen, 6| feet long. 
Picture Framing— Amateurs' box, 21s. Mitre Cutting Machine, 12s. 6d. 

Joiners' Tools, Benches, Cramps, &c. 

SEND FOJt CATALOGUE, 1,000 ILLUSTRATIONS AND 

3I1NIATUBE DESIGNS, 6d, 



HARGER BROTHERS, Settle, Yorks. 



